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18.  ABSTRACT  { 

Results  of  a  study  of  helicopter  rotor  impulsive  noiBe  (RIN)  are  presented. In  thiB 
report.  Rotor  noise,  together  with  rotor  blade  dynamic  and  pressure  data,  was 
measured  during  hover  and  cruise  of  a  CH-53A  helicopter  for  use  in  a  correlation  ; 
study  of  calculated  and  measured  noise.  In  addition,  the  rotor  rotational  noise 
analysis  described  in  U.  3.  Army  Aviation  Materiel  Laboratories  (USAAVLABS)  Technical 
Report  70-1B  was  modified  to  reduce  computation  time  and  to  include  blade  flapping 
and  coning  motions.  The  Inclusion  of  these  motions,  however,  is  shown  to  have  little 
effect  on  the  predicted  noise. 

Correlation  of  calculated  and  measured  noiBe  harmonic  amplitudes  is  generally  within 
5  dB  through  the  third  harmonic  at  distances  less  than  1000  feet  in  front  of  the 
helicopter.  Waveform  correlation  of  calculated  and  measured  time  histories  of 
acoustic  pressure  is  good.  RIN  is  identified  as  being  primarily  a  rotational  noise 
phenomenon,  ordered  at  the  blade  passage  frequency  and  its  harmonics,  rather  than 

amplitude  modulated  broadband  noiBe.  Hover  RIN  is  shown  to  be  due  to  vortex  inter¬ 
ference  (blade/wake  interaction  RIN),  while  cruise  BIN  is  shown  to  be  due  to  the 

combination  of  acoustic  effects  of  a  high  subsonic  tip  Mach  number  on  wave  propaga¬ 

tion  and  blade  drag,  and  is  herein  referred  to  as  advancing  blade  RIN. 


DISCLAIMERS 


The  findings  in  this  report  are  not  to  be  construed  as  an  official  Depart¬ 
ment  of  the  Army  position  unless  so  designated  by  other  authorized 
documents. 

When  Government  drawings,  specifications,  or  other  data  are  used  for 
any  purpose  other  than  in  connection  with  a  definitely  related  Government 
procurement  operation,  the  United  States  Government  thereby  incurs  no 
responsibility  nor  any  obligation  whatsoever;  and  the  fact  that  the 
Government  may  have  formulated,  furnished,  or  in  any  way  supplied  the 
said  drawings,  specifications,  or  other  data  is  not  to  be  regarded  by 
implication  or  otherwise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights  or  permission,  to 
manufacture,  use,  or  sell  any  patented  invention  that  may  in  any  way  be 
related  thereto. 

Trade  names  cited  in  this  report  do  not  constitute  an  official  endorsement 
or  approval  of  the  use  of  such  commercial  hardware  or  software. 


DISPOSITION  INSTRUCTIONS 


Destroy  this  report  when  no  longer  needed.  Do  not  return  it  to  the 
originator. 


, tuniuj 

VMk.  »*«  V  sum. 


lHi(. 


Unclassified 


Kcurfiy  CUeeliflcatloV 


1  1  4  KtY  WOMDI 

LINK  A 

LINK  ■ 

LINK  C  | 

cm 

NT 

NOLI 

NT 

con 

*T 

L _ _ 

ttVYVi  A1V  .*.*■«= 

Rotational  Noise 

Impulsive  Rotor  Noise 

Acoustics 

Airloads 

Helicopter  Noise 

DD  f  NOV  •»  1473  Unclassified 


Security  CUtaiflcetion 


DEPARTMENT  OF  THE  ARMY 

U.  a  AKMV  AIA  MOBILITY  AIK4KCN  4  DIVIL£n,HK;T  ..abOHATOHY 
•“•r-.Z  wmlCTOHATI 
font  mans,  viaoinia  aaaoa 


This  contract  waa  initiated  (l)  to  acquire  simultaneously  CH-53A  heli¬ 
copter  noise  and  rotor  airloads  data  for  impulsive  and  nonimpulslve 
flight  conditions  and  (2)  to  correlate  these  data  with  noise  and  airload 
prediction  methods.  More  specifically,  knowing  the  airloads  and  the 
associated  noise  levels,  an  acoustic  analysis  '.eveloped  under  a  previous 
contract  was  modified  with  che  hope  of  being  able  to  predict  the  occurrence 
of  impulsive  rotor  noise.  A  marked  improvement  in  the  ability  to  make 
acoustic  predictions  during  the  design  of  a  new  helicopter  waa  expected. 

From  this  and  earlier  studies,  the  consensus  is  that  impulsive  rotor  noise 
is  not  severe  amplitude-modulated  broadband  noise,  but  ordered  rotational 
noise  rich  in  higher  harmonic  content.  Consequently,  the  ability  to  pre¬ 
dict  the  occurrence  of  impulsive  rotor  noise  requires  considerable  knowl¬ 
edge  of  the  high-frequency  airload  content.  Existing  rotor  airloads 
analyses  are  adequate  far  Investigations  of  rotor  and  fuselage  dynamics, 
but  they  are  sorely  lacking  in  defining  the  higher  harmonics  of  airloads 
necessary  for  detailed  acoustic  analyses.  However,  before  this  study  was 
initiated,  it  was  believed  that  knowledge  of  the  chordal  airload  distri¬ 
bution  could  compensate  for  the  lack  of  high-frequency  airloads  data. 
Results  of  this  study  do  show  that  knowing  the  chordal  airload  distribu¬ 
tion  enhances  prediction  accuracy  of  the  lower  harmonics  of  rotational 
noise.  However,  knowing  the  chordal  airload  distribution,  the  analysis 
remains  incapable  of  predictin'*  *he  higher  rotational  noise  harmonics 
characteristic  of  impulsive  rotur  noise.  Consequently,  it  would  appear 
reasonable  to  conclude  that,  with  or  without  the  airloads  known,  thla 
analysis  cannot  predict  the  occurrence  of  impulsive  rotor  noise.  However, 
an  analysis  such  as  the  one  reported  herein  does  have  the  potential  for 
predicting  the  occurrence  of  impulsive  rotor  noise;  but  to  succeed,  major 
advances  In  modeling  the  rotor  wake  end  accounting  for  rotor  blade/vortex 
wake  interactions  and  compressibility  effects  are  needed.  Solutions  to 
these  needs  cannot  be  anticipated  in  the  near  future. 

This  program  waa  conducted  under  the  technical  direction  of  Mr.  Joseph 
H.  Kc Garvey  of  the  Reliability  and  Maintainability  Division  of  this 
Directorate. 


By 


W.  E.  Bausch 
C.  L.  Munch 
R.  G.  Schlegel 


Prepared  by 
Sikorsky  Aircraft 

division  ol'  United  Aircraft  Corporation 
Stratford,  Connecticut 


for 

EUSTIS  DIRECTORATE 

US  ARMY  AIR  MOBILITY  RESEARCH  AND  DEVELOPMENT  LABORATORY 
Fort  Eustis,  Virginia 


Approved  for  public  release 
distribution  unlimited. 


abstract 

Results  of  a  study  of  helicopter  rotor  impulsive  noiee  (RJN)  are  presented 
In  this  report.  Rotor  noise,  together  vith  rotor  DIM.  dynemK 
sure  data,  oas  measured  during  hover  and  cruise  of  a  CB-MA  helicopter 
tor  'se  in  a  correlation  studv  of  cAi<'in<»  +  .»a  - _ _  ...a  -  _ 

tion,  the  rotor  rotational  noise  analysis  described  in  U?  S^Armr  Aviation 

ss: '  “s-  rrn*1  Bep°rt  ic-m  «• 

The  induHnn  “f  °  i'lolude  Dlada  flapping  and  coning  motions, 

the  predicted  holse?  '  *S  Sh°,n  *°  ha™  llttle  «***  on 

Correlation  of  calculated  and  measured  noise  harmonic  amplitudes  is  gener- 
'f1  Jin  t  “  the  third  harmonic  at  distances  leas  than  1000 

w  the  helicopter.  Waveform  correlation  of  calculated  and 
m  asured  time  histories  of  acoustic  .pressure  is  good.  RIN  is  identified 

„!Lbeine  Prlinar±1y  a  rotational  noise  phenomenon,  ordered  at  the  blade  pas- 
frequency  and  its  harmonics,  rather  than  amplitude  modulated  broad¬ 
band  noise.  Hover  RIN  is  shown  to  be  due  to  vortex  interference  (blade/ 
wake  interaction  RIN),  while  cruise  RIN  is  shown  to  be  due  L  Se  combina- 
on  of  acoustic  effects  of  a  high  subsonic  tip  Mach  number  on  wave  propa¬ 
gation  and  blade  drag,  and  is  herein  referred  to  as  advancing  blade  RIN? 
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r  Distance  from  hub  to  observer 

x,  y  Field  point  coordinates  of  observer 

X  Airloading  harmonic  number 

n  Rotor  rotational  speed,  radians/second 

tp  Azimuth  angle  in  rotor  disk  measured  from  tail  of  aircraft 
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1.0  INTRODUCTION 


Over  tne  past  several  years, noise  generated  by  al  l  types  of  a  I r'ri fi  has 
become  a  source  of  increasing  concern  in  military  as  well  as  civil  appli¬ 
cations.  The  civil  operator  is  concerned  with  community  acceptance  (or 
tolerance)  of  the  vehicle  so  that  it  may  be  used  near  or  in  population 
centers;  the  military  operator  is  concerned  with  the  aural  detectability 
of  the  vehicle  in  an  effort  to  improve  its  survivability  and  combat  effec¬ 
tiveness  . 

The  helicopter,  because  of  its  unique  operational  capabilities  and  the  re¬ 
quirements  placed  upon  it,  is  a  prime  candidate  for  nois -•  studies.  The 
past  few  years  have  seen  the  initiation  and  completioi  of  many  helicopter 
noise  studies,  both  theoretical  and  experimental,  to  identify  and  quantify 
the  mechanisms  by  which  the  noise  is  generated,  propagated,  and  received 
and  to  find  the  means  to  reduce  it. 

The  helicopter  generates  noise  of  both  mechanical  and  aerodynamic  origin. 
Mechanical  noise,  such  as  that  due  to  the  gearboxes,  bearings,  hydraulic 
systems,  etc.,  is  in  most  cases  important  only  at  locations  near  the  heli¬ 
copter.  Of  the  aerodynamic  sources,  such  as  the  main  and  tail  rotors  and 
the  engine  compressors,,  main  rotor  generated  impulsive  noise  (when  it 
occurs)  can  be  by  far  the  most  predominant  noise,  exceeding  even  piston 
engine  exhaust  noise  (as  has  been  shown  recently  by  Cox  and  Lynn,  Refer¬ 
ence  l).  While  the  other  aerodynamic  sources  of  helicopter  noise  (rotor 
rotational  noise,  rotor  vortex  noise,,  turbine  engine  compressor  noise,  etc.) 
have  been  studied  in  quite  some  detail  during  the  past,  few  years,  rotor 
impulsive  noise  has  been  generally  referred  to  as  a  unique  and  separate 
phenomenon  and  has  been  largely  ignored  until  very  recently.  The  study  re¬ 
ported  herein  seeks  to  experimentally  identify  the  mechanism(s)  which 
produce(s)  rotor  impulsive  noise  (RIN),  to  determine  whether  this  noise  is 
primarily  rotational  noise  or  amplitude  modulated  broadband  noise,  and  to 
determine  whether  present  theory  can  accurately  predict  this  type  of  noise. 

The  study  has  been  broken  down  into  three  phases;  (l)  flight  test,  (2) 
data  reduction,  and  (3)  analysis  and  correlation.  During  the  flight  test 
phase  simultaneous  measurements  of  rotor  blade  airloads  and  motions,  air¬ 
craft  operating  parameters,  and  external  noise  on  the  ground  were  made  on 
a  CH-53A  helicopter  for  hover  and  several  forward  cruise  speeds.  In  addi¬ 
tion,  internally  mounted  directional  microphones  were  placed  against  the 
windows  on  opposite  sides  of  the  cabin  to  determine  the  azimuthal  locations 
of  the  rotor  blades  at  the  instant  impulsive  noise  was  generated. 

The  data  reduction  phase  involved  reducing  the  measured  aerod-.-namic  and 
acoustic  data  into  useful  forms.  Rotor  blade  differential  p.i  usures  were 
reduced  to  harmonics  of  .1  per  rev  for  use  in  the  noise  prediction  program 
and  to  time  history  pressure  plots  for  correlation  with  the  predicted 
external  time  histories  and  internal  noise  data.  A  real-time,  narrow 
bandwidth  spectrum  analyzer  reduced  the  measured  external  noise  into 
amplitude-vs-freqvency  plots  at  specified  intervals  along  the  flight  path 
for  cruise  and  averaged  spectra  at  several  hover  positions.  External 
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noise  was  also  reduced  to  octave  band  time  histories  during  flyover'  and 
to  octave  band  spectra  at.  twelve  azimuth  locations  in  hover. 

During  tne  analysis  and  correlation  phase,  the  measured  aerodynamic  and 
acoustic  data  were  used  to  determine  the  locations  in  the  rotor  disk  where 
impulsive  rotor  noise  is  generated  during  hover  ana  cruise  night . 

In  addition,  modifi cations  were  made  to  the  rotational  noise  prediction 
program  to  include  the  effects  of  rigid  body  blade  flapping  .nd  rotor  shaft 
tilt,  and  to  produce  a  time  history  of  acoustic  pressure  at  specific  field 
points  (Appendix  I).  This  program  was  then  used  to  predict  the  radiated 
noise  using  measured  airloads  as  well  as  airloads  predicted  by  the  classi¬ 
cal  helicoidal  wake  analysis  for  correlation  with  noise  measured  at  the 
ground  station. 
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Several  investigators  (Refeiences  1  through  3)  have  postulated  that  the 
observed  character  of  impulsive  noise  from  rotors  is  due  to  severe  amplitude 
modulation  of  broadband  noise.  While  this  phenomenon  can  be  observed 
dm-ing  RIK  conditions,  it  is  highly  unlikely  that  it  is  the  sole  cause  of 
noised  1SiVC  yPe  :mVef°rlnS  whlch  are  observed  by  the  ear  to  be  impulsive 

RIN  .occurring  at  the  fundamental  rotor  blade  passage  frequency  is  erimari 
ly  a  harmonic  phc„o„c„°n,  and  its  orleia  appeal  to*,.  ^tetSST 

imru^Iv  hSr^than  rfldom  Droadband  noise.  A  Fourier  analysis  of  periodic 
mpulsuve  noise  produces  a  frequency  spectrum  with  very  high  harmonic 

reSJntf  ^  redatively  little  amplitude  decay  with  frequency.  This  has 
recently  been  demonstrated  analytically  by  Lovson  and  Ollerhead  (Reference 

lZtLreTr  ^eference  5),  and  experimentally  by  King  and  BeiSgS 
(Reference  6).  King  and  Schlegel  foui. ,  !  '-at  during  nonimoulaivp  a 
conditions,  biade  airloading  harmonics  decay  approximately  as  1/A  ^  to 

1/A0<‘6  Whlle  during  ^Pulsive  noise  conditions  the  airlosds  decay  about  as 

v  (A  ;  a^rload  harmonic  order).  The  increased  high  frequency  airload- 
xng  harmonic  levels  for  the  impulsive  noise  case  result  in  increased  high 

Ini* I***  !°U"d  harmonlc  levels>  yielding  the  observed  "slap".  Further- 
imrni?6  pha®lng  of  the  sound  harmonics  is  important  in  determining  the 

Sh  h^onSUr\°f  thlT?Zed  S0Undi  f°r  example*  a  harmonic  spectrum 
Ion?  i  P  aS?  shlfted  by>  sa^  90  degrees  with  respect  to  the  funda¬ 

mental,  may  be  more  impulsive  than  one  with  all  harmonics  in  phase.  In  a 
recent  paper,  Sadler  and  Loewy  (Reference  7)  indicate  that  the  high  fre- 

noisf  C?his  tof  RIN  ^  pr-aarlly  associated  vith  vortex  (broadband) 
noise.  This,  too,  appears  to  be  highly  unlikely  since  vortex  noise  is 

tsfr°thin  ampJ-ltude*  frequency ,  and  phase.  Consequently,  it  does  not  con¬ 
fine  ^eClsSi^so™niC  C°ntent  End  Ph&Se  C°herenCe  necessa^  da“ 

Classicaily  there  have  been  three  main  mechanisms  for  the  generation  of 
RIK  postulated  in  the  literature.  These  are  summarized  by  !££££ 

(Reference  5)  as  the  following: 

o’  fluctuating  forces  due  to  blade/vortex  intersection. 

blades111®  f0rC6S  reSUlting  from  stalling  and  unstalling  of  the 
3.  Local  shock  wave  formation  on  portions  of  the  blade. 
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The  literature  is  in  general  agreement  that  the  first  is  the  primary  source 
on  tandem-roto’-  machines  and  in  some  cases  on  single-rotor  machines.  The 
second  mechanism,  that  due  to  stall  effects,  is  generally  losing  support 
as  a  probable  slap  mechanism.  Leverton  discusses  the  reasons  in  sene 
detail  in  Reference  S.  To  summarize,  it.  is  believed  that  the  stall  process 
is  relatively  slow  and  does  not  produce  the  sharp  changes  in  loading 
necessary  to  produce  RIN.  This  is  illustrated  in  Figure  1  (from  Reference 
5)  where  the  stall  duration  is  compared  with  a  typical  impulse  duration  on 
the  basis  of  azimuthal  movement.  The  impulse  location  in  the  disk  o 
Figure  1  is  purely  arbitrary.  The  third  RIN  mechanism,  that  of  local 
shock  formation  due  to  high  advancing  tip  Mach  numbers,  is  quite  a  complex 
subject.  However,  as  pointed  out  by  Ollerhead  and  Lovson  (Reference  8)  , 
these  shocks  cannot  propagate  to  an  observer  unless  the  blade  actually 
exceeds  sonic  velocity.  This  does  not  appear  to  be  a  primary  mechanism 
of  RIN  generation. 

The  only  mechanism  remaining  to  explain  the  occurrence  of  RIN  is 
blade/vortex  interaction.  This  mechanism  does  not,  however,  explain  the 
occurrence  of  RIN  on  single-rotor  helicopters  during  high  speed  flight 
where  the  observed  "slap"  is  very  intense  as  the  helicopter  approaches, 
but  rapidly  decreases  as  the  helicopter  passes  overhead  and  retreats . 

There  must  then  be  another  mechanism  which  is  responsible  for  this  type  of 
RIN.  Ollerhead  and  Lowson  (Reference  8)  indicate  that  this  phenomenon  can 
be  explained  as  an  acoustic  effect  due  to  increased  tip  speeds,  and  Arndt 
and  Borgman  (Reference  12)  show  that  compressibility  effects  may  also  con¬ 
tribute.  Thus,  it  appears  there  are  two  types  of  impulsive  noise,  defined 
according  to  the  mechanisms  by  which  they  are  generated: 

1 .  Blade/Wake  Interaction  RIN 

2  .  Advancing  Blade  RIN 

Before  discussing  these  two  types,  a  review  of  rotational  noise  theory  is 
presented. 


2.1  REVIEW  OF  THEORY 


2.1.1  Rotational  Noise 


Several  investigators  (References  2,  1*,  9>  and  IT  through  20 )  have  de¬ 
veloped  theoretical  methods  for  the  prediction  of  rotor  rotational  noise. 
The  basic  assumptions  made  vary  from  one  to  another,  but  all  should 
accurately  predict  the  noise,  presuming  sufficient  input  data  are  available 
Most  of  these  methods  involve  an  open-form  iterative  computer  solution. 
However,  Lowson  and  Ollerhead  made  several  additional  simplifying  assump¬ 
tions  which  allowed  them  to  develop  a  closed-form  solution  for  far-field 
rotational  noise  in  terms  of  Bessel  functions  (Reference  ^).  For  the 
purposes  of  examining  RIN,  this  solution  is  the  least  cumbersome  and  pro¬ 
vides  the  necessary  insight  to  the  problem. 

Ollerhead  and  Lowson  present  the  theoretical  result  for  the  sound  pressure 
amplitude  of  the  m^h  sound  harmonic  due  to  the  steady  and  fluctuating 


forces  as  the  relation 


i 

-  T^(('—k)  Jm.-x+[-’3'(”s  H)wi) 
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where  the  argument  of  Bessel  functions  is  mBT^y/r. 


The  force  components  (i.e.,aw,,  a,^,  a^c>  b^,  h^,  b^c)  are  defined  by  the 
Fourier  summations: 


Thrust 


Radial  Components 


CO 
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X  =  t 
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The  important  fact  to  note  is  that  all  loading  harmonics  contribute  to  the 
noise  radiated  in  each  sound  harmonic.  Thus, it  may  he  expected  that  in¬ 
creased  high  frequency  airloading  harmonics  will  cause  increased  levels  of 
all  sound  harmonics.  Lowson  and  Ollerhead  (Reference  4)  have  shown  that 
loading  harmonics  of  order  A  are  significant  radiators  into  the  m^h 
sound  harmonic  in  the  range 

mB|_  1  -  <  X  <  rns[  1  +  m] 
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Thus,  increased  high-frequency  airloads  can  be  expected  to  increase  the 
higher  sound  harmonics  more  than  the  lover  ones. 

The  effects  of  forward  speed  on  the  sound  field  can  be  accounted  for  by  re¬ 
placing  the  term  r  in  Equation  1  by  r(l-M  )  where  M  is  the  component  of 
hub  translation  Mach  number  in  the  direction  of  therobserver  (see  1  'ferences 
'■*  and  8) ,  it  must  be  remembered  when  making  this  transformation  that  both 
r  and  Mr  refer  to  the  'retarded'  position  of  the  helicopter;  that  is,  the 
actual  position  of  the  helicopter  vhen  the  sound  was  generated.  This  sub¬ 
stitution  also  enters  the  argument  of  the  Bessel  function  term  and  can  be 
expected  to  influence  the  directivity  characteristics  of  the  radiated 
sound. 


2.1.2  Impulse  Characteristics 

At  this  point  it  is  necessary  to  examine  the  effects  of  harmonic  amplitude 
and  phase  on  the  overall  waveform.  An  impulsive  waveform  consists  of  many 
harmonically  related  frequencies  whose  amplitudes  decay  very  slowly  with  in¬ 
creasing  harmonic  frequency.  This  is  illustrated  in  Figure  2  where  an  im¬ 
pulsive  and  a  nonimpulsive  waveform  are  compared.  This  figure  was  prepared 
by  summing  the  first  twenty  harmonics  assuming  only  a  sine  component  for 
each  harmonic.  For  the  impulsive  waveform,  the  amplitude  of  the  harmonics 
dropped  off  at  the  rate  of  3  dB  per  octave  from  the  level  of  the  fundamen¬ 
tal;  for  the  nonimpulsive  waveform,  the  decay  rate  was  10  dB  per  octave. 

In  order  to  emphasize  the  full  potential  impulsiveness  of  the  waveforms 
selected,  all  harmonics  were  shifted  90°  with  respect  to  the  fundamental . 

It  ip  readily  apparent  that  the  harmonic  amplitudes  determine  the  impulsive 
or  nonimpuls ive  character  of  the  sound.  A  sharp  impulse  contains  many  high 
amplitude  harmonics,  while  a  nonimpulsive  sound  contains  relatively  few 
harmonics  of  significant  amplitude. 

Of  equal  Importance  in  determining  the  impulsive  or  nonimpulsive  character 
of  a  waveform  is  the  relative  phasing  between  the  harmonics .  This  was 
shown  subjectively  by  Fricke  (Reference  10),  who  found  that  the  detect¬ 
ability  of  a  complex  signal  was  a  function  of  the  relative  phase  between 
components.  The  effect  of  phase  on  the  waveform  can  be  seen  in  Figure  3. 
Here  the  more  impulsive  of  the  two  signals  is  the  impulsive  waveform  of 
Figure  3  (90°  phase  difference),  and  the  less  impulsive  vavefcrm  is  con¬ 
structed  by  summing  the  same  twenty  harmonics  but  with  All  he  monies  in 
phase  with  respect  to  the  fundamental.  The  effect  of  p,  w?  impulsive¬ 
ness  is  apparent. 

2.2  BLADE/WAKE  INTERACTION  RIN 


Returning  now  to  the  two  fundamental  types  of  RIN  introduced  in  Section 
2.0,  blade /wake  interaction  RIN  occurs  when  a  blade  passes  through  or 
near  a  wake  shed  from  a  preceding  blade  or  another  blade  in  Juxta¬ 
position.  It  results  from  the  rapid  pressure  fluctuations  on  the  blade 
as  it  encounters  the  velocity  variations  in  the  shed  wake  (tip 


6 


vortex).  Normally,  single  main  rotor  helicopters  do  not  experience  this 
form  of  blade  slap  except  during  conditions  of  low  inflow  (e.g.,  autorota- 
tive  descent,  low  power  descents,  etc.)  and  certain  transient  maneuvers. 
Recently,  however,  Clark  and  Leiper  (Reference  11)  showed  that  for  multi- 
bladed  slng'io  motors  under  high  lift  ccmliulone  in  hover  ana  some  forward 
flight  conditions,  a  shed  tip  vortex  passes  very  close  under  the  following 
blade.  In  fact,  in  the  presence  of  flapping  or  certain  wind  conditions 
the  vortex  may  actually  pass  through  or  over  the  following  blade. 

Blade/wake  interaction  RIN  occurs  on  tandem-rotor  helicopters  primarily 
when  the  shed  tip  vortices  from  one  rotor  pass  through  the  other  rotor; 
thus,  in  many  flight  regimes  it  is  a  constantly  occurring  phenomenon. 

The  effect  of  high  harmonic  airloading  (resulting  from  the  sharp  pressure 
variations  on  the  blade)  on  the  radiated  sound  was  discussed  briefly  in 
Section  2.1.1.  The  specific  effect  of  increasing  the  amplitude  of  the 
high  airloading  harmonics  may  be  demonstrated  with  the  aid  of  the  technique 
presented  by  Lowson  and  Ollerhead  (Reference  *0 .  They  found  that  in  many 
cases  it  was  possible  to  present  the  airload  harmonic  amplitude  drop-off 
as  approximately  an  inverse  power  law.  That  is ,  the  amplitude  of  the  ^tb 
air loading  harmonic  is  related  to  the  first  harmonic  of  loading  by  the 
relation  L\  =  L^A"  ,  where  L  is  a  force  (thrust,  drag,  radial  component) 
and  k  is  a  constant.  Reference  U  indicates  the  value  of  k  to  be  about 
2.0  for  smooth  inflow  cases  and  suggests  a  value  of  1.0  for  rough  running 
cases,  including  blade  slap.  Reference  6  indicates  that  for  severe  RIN 
conditions  (blade  slap)  ,  k  should  be  closer  to  0.6  (or  1.1  when  corrected 
for  random  loading  effects,  as  discussed  in  Reference  U) . 

Figure  4  (from  Reference  li)  demonstrates  the  effect  of  the  airloading  de¬ 
cay  laws  on  the  stound  harmonic  amplitudes  for  the  first  twelve  harmonics . 
For  a  smooth  inflow  case  (k  =  2.5),  the  harmonics  drop  off  at  about  -9-5  dB 
per  octave,  a  rate  which  will  produce  the  nooimpulsive  waveform  of 
Figure  2  .  If,- however,  the  "rough  running”  value  of  1.1  suggested  by 
King  and  Schlegel  is  used  for  k,  the  harmonics  are  of  equal  amplitude  and 
produce  the  impulsive  waveform  of  Figure  2.  Thus,  an  airloading  frequency 
spectrum  containing  significant  harmonic  components  to  very  high  frequen¬ 
cies  due  to  blade/wake  interaction  will  result  in  RIN. 

Because  of  the  way  in  which  this  type  of  RIN  arises,  namely,  changing  the 
airloading  harmonic  distribution,  the  directionality  associated  with  it 
should  not  vary  significantly  from  that  expected  for  a  similar  non-slap 
case.  This  hypothesis  can  be  seen  by  examining  Equation  1.  The  detailed 
directionality  is  determined  by  the  Bessel  functions  which  do  not  depend 
upon  the  value  of  the  loading  harmonics.  Only  the  amplitude  terms  are 
affected  by  loading.  However,  when  going  to  the  blade  slap  case,  if  the 
radial  components  change  proportionally  more  or  less  than  do  the  thrust 
and  drag  components,  then  gross  changes  in  directionality  may  be  expected. 


2.3  ADVANCING  BLADE  RIN 

This  form  of  RIN  was  originally  thought  to  be  due  to  the  formation  of  weak 
local  shock  waves  on  the  advancing  blade.  As  mentioned  by  Ollerhead  and 
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Lowson  (Reference  8)  and  discussed  by  Leverton  (Reference  5).  an  observer 
can  hear  such  a  shock  wave  only  if  the  blade  speed  is  supersonic-  If  the 
blade  speed  is  subsonic,  the  shock  wave  can  not  oroDagate  to  an  nh«»rv.r's 
eii.  However,  tne  formation  of  local  shocks  can  affect  rotor  noise  levels 
by  influencing  the  local  blade  airloading  acting  on  the  blade. 

Advancing  blade  RIN  as  discussed  in  Reference  8  is  basically  an  acoustic 
effect  resulting  from  the  coalescence  of  the  harmonic  wave  fronts  at  high 
source  translational  speeds  and,  in  fact,  can  be  explained  by  the  Lowson/ 
Oiler he ad  theory  (Equation  l).  Figure  5  ( from  Reference  8)  shows  the 
effect  of  increasing  tip  Mach  number  on  sound  harmonic  levels.  As  the 
tip  Mach  number  approaches  1,  the  higher  frequency  harmonics  increase  in 
amplitude,  producing  exactly  the  same  effect  as  the  loading  changes  dis¬ 
cussed  in  the  preceding  section.  Furthermore,  at  tip  speeds  close  to 
Mach  1,  the  fluctuating  airloads  become  unimportant  and  the  noise  is  con¬ 
trolled  entirely  by  the  steady  loading. 

The  highly  directional  characteristic  of  advancing  blade  RIN  observed 
when  the  helicopter  flies  directly  overhead  is  also  an  acoustic  effect 
which  results  from  the  forward  speed  correction  made  to  Equation  1  in 
Section  2.1.1.  Here  the  term  r(l-Mr)  which  replaces  r  in  the  equation 
enters  the  argument  of  the  Bessel  functions,  thus  influencing  the  direc¬ 
tivity  characteristics.  This  effect  can  be  seen  in  Figure  6,  taken  from 
Reference  As  forward  speed  increases, the  radiated  sound  becomes  highly 
directional  in  the  forward  direction,  particularly  for  the  higher  harmon¬ 
ics.  This  means  that  the  RIN  experienced  by  a  helicopter  at  high  speeds 
will  be  radiated  preferentially  forward  with  the  maximum  at  about  15-20 
degrees  below  the  plane  of  the  rotor.  This  effect  was  shown  experimentally 
by  Cox  (Reference  16)  in  full-scale  wind  tunnel  tests.  Thus,  while  the 
acoustic  effect  of  a  high  tip  Mach  number  is  at  least  partially  responsible 
for  the  generation  of  the  impulsive  noise,  the  aircraft  forward  speed 
accounts  for  the  highly  directional  character  of  this  type  of  RIN. 

The  aerodynamic  forces  used  in  current  acoustic  theory  to  predict  radiat¬ 
ed  rotational  noise  are  the  in-plane  (induced  drag)  and  normal  (thrust) 
components  of  the  blade  section  lift  (Figure  7  )•  The  profile  drag  is 
ignored, since  it  is  small  compared  to  the  other  terms.  When  advancing  tip 
speeds  exceed  a  critical  Mach  number,  the  drag  increases  rapidly  (Figure  8), 
a  phenomenon  known  as  drag  divergence.  This  increased  drag  term  may  be  a 
significant  contributor  to  the  radiated  noise.  In  a  recent  paper,  Ardnt 
anc.  Borgman  (Reference  12)  examined  the  effect  of  drag  divergence  on  the 
radiated  noise.  Figure  9,  taken  from  their  paper, indicates  that  the 
effect  of  this  term  is  to  increase  the  levels  of  the  higher  harmonics  of 
noise,  the  necessary  condition  for  blade  slap.  While  Ardnt  and  Borgman 
indicate  that  the  addition  of  this  term  to  the  Lowson/Ollerhead  noise 
equation  enhances  correlation,  they  unfortunately  do  not  show  to  what 
degree.  For  small  angles  of  attack  (such  as  near  the  tip),  the  lift  term 
may  be  quite  small  and  the  drag  terms  will  dominate  the  noise  radiation. 

In  this  case  the  associated  directivity  will  be  that  of  a  dipole  with  its 
maximum  directivity  in  the  plane  of  rotation,  thus  further  contributing 
to  uhe  observed  directivity  of  advancing  blade  RIN. 
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An  additional  factor  which  may  contribute  to  the  observed  directivity  and 
character  of  advancing  blade  RIN  is  thickn»««-  rr.ir.v,-.  Wime  it  is  not  signif¬ 
icant  for  highly  loaded  rotors  at  low  forward  speed;; ,  thickness  noise  can 
become  a  significant  noise  source  at  high  forward  speeds.  Arrtnt  ar;d 
Borgman  (Reference  12)  crudely  accounted  for  thickness  noise  by  applying  a 
forward  speed  correction  to  the  theory  developed  by  Diprose  (Reference  21) 
for  a  static  propeller.  No  attempt  was  made  to  correct  for  the  non uniform 
velocity  field  over  the  rotor  disk.  As  Figure  10  (from  Reference  12)  demon¬ 
strates,  thickness  noise  appears  to  be  important  only  for  the  first  few 
harmonics  of  noise#  however,  as  tip  speed  increases,  the  levels  of  the  high¬ 
er  harmonics  increase  quite  rapidly.  This  effect,  coupled  with  the  associat¬ 
ed  directivity  pattern,  which  is  the  same  as  for  drag  divergence  generated 
noise,  will  tend  to  enhance  the  severity  of  the  observed  RIN. 
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Figure  1.  Comparison  of  RIN  Duration  With  Blade  Stall 
Duration  for  Single-Rotor  Helicopter 
(Reference  5). 
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Effect  of  Harmonic  Phase  Difference  on  Pressure  Waveform 
(Harmonic  Decay  =  -3&B  per  Octave). 


Sound  Pressure  Level  -  dB( Arbitrary  Datum) 


Figure  4.  Effect  of  Airloading  Harmonic  Decay  Power  Lav 
on  Sound  Harmonic  Levels  (Reference  4). 
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Figure  6. 


Effect  of  Forward  Speed  on  Radiated  Sound 
Directivity  (Reference  U). 
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Figure  8.  Airfoil  Section  Drag  vs  Mach  Number  for  an 
NACA-0012-3^  Airfoil  at  Zero  Angle  of  Attack 
(Reference  12) . 
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Figure  10.  Harmonic  Noise  Spectra  of  Thickness  Noise  for 
a  Two-Blade  Hovering  Rotor  (Reference  12) . 
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3.0  EXPERIMENTAL  PROGRAM 


The  experl muntoi  phase  of  "this  □Ludy  involved  simultaneous  measurement  of 
rotor  aerodynamics,  rotor  blade  dynamics,  and  rotor  noise  on  a  CK-53A  air¬ 
craft,  as  shown  in  Figure  11,  during  hover  and  forward  flight  conditions. 
These  data  were  required  for  the  prediction  of  impulsive  and  nonimpulsive 
rotor  noise,  for  correlation  of  measured  and  predicted  noise,  and  especial¬ 
ly  for  the  determination  of  how  impulsive  rotor  noise  is  aerodynamically 
generated . 

The  blade  pressure  and  dynamics  instrumentation  systems  used  in  this  con¬ 
tract  were  primarily  the  result  of  a  rotor  loads  contract  which  was  being 
run  simultaneously.  Since  bandwidth  limitations  of  the  narrowband  FM 
recording  system  restrict  blade  pressure  measurements  to  100  Hz  or  less , 
two  portable  direct  record  units  were  added  to  obtain  high  frequency 
pressure  data  at  two  chordwise  stations  [h.2%  and  91%  chord)  near  the  tip 
of  the  blade  (98%  span).  These  data  would  determine  whether  the  accuracy 
of  calculated  noise  levels  would  be  compromised  by  the  frequency  response 
limitations  of  the  airborne  data  system.  Appendix  II  discusses  these  high 
frequency  pressure  data. 

Noise  was  measured  at  three  locations  inside  the  helicopter  in  the  hope  of 
locating  where  acoustic  impulses  originate  in  the  rotor  disk.  These  data 
were  recorded  on  the  FM  system  that  recorded  all  rotor  dynamics  and  aero¬ 
dynamics  in  order  to  facilitate  correlation  of  acoustic  and  aerodynamic 
data  and  to  utilize  the  main  rotor  contactor  information  for  correlation 
of  the  acoustic  signal  with  main  rotor  position. 

3.1  FLIGHT  TEST 

All  data  for  this  study  were  acquired  during  a  flight  test  on  October  15, 
1969,  at  the  Bridgeport  Airport  in  Stratford,  Connecticut.  Noise  data 
were  recorded  for  a  series  of  lU  flyovers  and  13  hover  orientations.  One 
microphone  was  located  on  the  centerline  of  the  runway,  and  additional 
microphones  were  located  250  feet  to  each  side  of  the  center  microphone 
perpendicular  to  the  flight  path  (runway  centerline)  of  the  CH-53A  heli¬ 
copter.  Forward  flight  data  were  recorded  during  unaccelerated  flight  from 
east  to  west  and  west  to  east  at  an  altitude  of  1000  feet  at  nominal  air¬ 
speeds  of  120  knots ,  140  knots ,  and  170  knots .  Hover  data  were  recorded 
out  of  ground  effect  (OGE)  at  13  helicopter  headings  at  an  altitude  of 
200  feet.  Surface  winds  throughout  the  test  were  northerly  from  3  to  8 
knots .  The  mean  temperature  and  relative  humidity  of  the  air  were  50°F 
and  b9%,  respectively.  Sea  level  barometric  pressure  was  30.12  in.  Hg. 

3.2  INSTRUMENTATION 
3.2.1  Data  Acquisition 

Three  data  recording  systems  were  used  simultaneously  during  the  flight 
test.  An  airborne  FM  multiplex  system  recorded  aerodynamic  pressures, 
blade  pitch,  blade  flapping,  blade  azimuth  angle,  and  internal  noise.  An 
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airborne  direct-record  system  recorded  differential  pressure  data  from  the 
fore  and  aft  transducers  at  the  98%  span  station.  A  ground-based  FM 
system  recorded  the  acoustic  data  for  the  hover  and  forward  flight  test 
conditions . 


Airborne  FM 


The  heart  of  the  FM  multiplex  recording  system  was  an  Ampex  Model  AB  200 
recorder  set  for  standard  IRIG  center  frequencies  and  bandwidths  operating 
at  15  inches  per  second  (ips).  Input  Bignals  to  the  recorder  were  pre¬ 
conditioned  by  voltage-controlled  oscillators.  The  sensors  that  measured 
the  aerodynamic  and  blade  motion  data  were  Sensotec  (Division  of  Camtel 
Corp  )  pressure  transducers  and  Baldwin-Lima-Hamiltor.  angulators.  Figure  12 
presents  a  block  diagram  of  the  airborne  FM  system  including  the  internal 
noise  measurement  system. 

The  microphones  used  to  measure  internal  noise  were  housed  in  metal  con¬ 
tainers  lined  with  1-inch  thick  fiberglass  to  control  reverberation  inside 
the  containers  and  vibration  damping  material  covered  the  outer  surfaces 
of  the  containers  to  prevent  acoustic  excitation  of  these  surfaces.  Each 
container  was  mounted  in  the  center  of  a  window  as  shown  in  Figure  13 
to  detect  acoustic  impulses  coming  through  that  window. 

3. 2. 1.2  Airborne  Direct 

The  differential  pressures  at  h  .2%  chord  and  $1%  chord  from  the  98#  span 
location  were  recorded  on  this  system.  In  addition  to  the  pressure  trans¬ 
ducers,  the  system  consisted  of  two  sound  level  meters  and  two  Nagra  port¬ 
able  tape  recorders. 

3. 2. 1.3  Ground  FM 

External  helicopter  noise  was  recorded  at  two  locations  on  the  ground  with 
a  Lockheed  portable  tape  recorder  operating  at  a  tape  speed  of  15  inches 
per  second.  Three  information  channels  were  used,  two  to  record  noise  data 
and  a  third  to  record  a  time  code  signal  and  comments.  A  fourth  data 
channel  had  been  set  up,  but  the  microphone  that  fed  this  channel  malfunc¬ 
tioned  during  the  flight  test.  Figure  1^  shows  the  locations  of  the  in¬ 
strumentation  along  the  helicopter's  ground  track. 

The  following  procedure  synchronized  recording  of  data  on  the  aircraft 
with  recording  on  the  ground  and  related  data  recorded  on  the  ground  with 
aircraft  location  along  the  flight  path.  The  helicopter  pilot  radioed  a 
"start”  command  as  the  aircraft  passed  over  the  end  of  the  runway.  This 
command  started  both  the  airborne  data  recording  system  and  the  time  code 
generator  on  the  ground.  At  this  point,  data  records  in  the  air  and  on 
the  ground  are  synchronized,  and  the  location  of  the  aircraft  is  defined  at 
one  instant  of  time.  For  easterly  flight,  the  "start"  corresponds  to  a 
lateral  distance  of  1000  feet  between  the  microphone  array  and  the  approach¬ 
ing  helicopter.  For  westerly  flight,  this  distance  is  3700  feet. 
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3.2.2  Data  Reduction 


nooor  Diaae  dynamic  ana  aerodynamic  uaua  were  converted  irom  analog  to 
digital  form  and  then  reduced  to  harmonics  of  rotor  rotation.  Data  were 
sampled  every  2.5  degrees  of  azimuth,  giving  li+U  digitized  data  points  for 
each  data  cycle  from  0  degree  to  357-5  degrees  of  azimuth  inclusive.  Thirty 
harmonics  then  were  extracted  from  the  data  by  performing  a  Fourier  analysis 
of  one  typical  data  cycle  for  each  flight  condition.  One  cycle  was  used  in 
order  to  preserve  the  high-frequency  content  of  the  data.  This  technique 
was  necessary  because  slight  differences  between  successive  cycles  cause 
the  high-frequency  components  in  a  parameter's  time  history  to  be  obscured 
when  several  consecutive  cycles  are  averaged.  The  harmonic  amplitudes 
were  corrected  for  the  attenuation  characteristics  of  the  60  Hz  low-pass 
filters  that  were  used  during  the  analog/digital  conversion.  Since  all 
aerodynamic  and  blade  motion  data  passed  through  identical  filters  ,  no 
phase  corrections  were  required.  A  block  diagram  of  the  data  reduction 
system  is  shown  in  Figure  15 • 

External  noise  data  were  processed  into  octaves  and  narrowband  form  as  a 
function  of  time.  Octave-band  analysis  involved  charting  the  output  of  a 
General  Radio  Octave  Band  Analyzer.  Narrowband  analysis  (2.5  Hz)  was  done 
with  a  Saicor  Spectrum  Analyzer  and  Saicor  Digital  Integrator  terminating 
in  a  Midwestern  Oscillograph  to  produce  a  2.5  Hz  bandwidth  spectrum  from 
0  to  500  Hz  every  0.20  second.  Interpretation  of  the  narrowband  data 
was  complicated  by  noise  from  the  tail  rotor  since  the  third  harmonic  of 
main  rotor  rotational  noise  is  separated  by  only  2  Hz  from  the  first  har¬ 
monic  of  tail  rotor  rotational  noise.  A  typical  narrowband  spectrum  is 
reproduced  in  Figure  16  to  show  both  frequency  content  of  the  signature 
below  500  Hz  and  the  problem  of  distinguishing  main  rotor  noise  from  tail 
rotor  noise. 

3.2.3  Instrumentation  Response  and  Calibration 

The  following  section  describes  the  pertinent  response  and  calibration 
characteristics  of  each  system  used  to  acquire  and  analyze  data.  Aero¬ 
dynamic  parameters  typically  are  within  ±2$  of  transducer  full  scale,  and 
acoustic  levels  typically  are  within  ±3.5  dB  and  ±5.0  Hz. 

3.2.3 .1  Blade  Pressure  and  Blade  Motion  Measurement  System 

Sensotec  (formerly  Scientific  Advances)  transducers,  models  SA-SA-M-7F 
and  SA-SD-M-7F,were  mounted  on  one  main  rotor  blade  to  measure  aerodynamic 
pressures  acting  on  the  surface  of  the  blade.  Table  I  contains  the  range 
of  the  transducers  and  the  measurement/analysis  system  accuracy  at  each 
location  on  the  blade.  The  system  accuracy  includes  all  components  from 
transducers  on  the  aircraft  to  final  digital  tape  and  is  expressed  as  a 
percentage  of  transducer  range.  An  airtight  chamber  was  placed  over  each 
chordwise  transducer  array  so  that  known  pressures  could  be  applied  to 
obtain  the  response  of  each  transducer.  The  transducer  response  measured 
this  way  determined  values  for  the  electronic  R-cals  that  were  made  before 
and  after  each  flight. 
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Blade  pitch  angle  and  flapping  angle  were  measured  with  Baldwin-Lima-Hamil- 
ton  angular  position  transducers,  model  236.  Pitch  angle  range  was  ±60 
degrees .  flaDuing  angle  range  was  ±30  degrees ,  and  both  were  linear  and 
temperature  compensated  over  their  entire  range,  giving  a  system  accuracy 
of  ±2%  of  full  scale.  Calibration  was  accomplished  by  mounting  each 
angulator  on  an  angular  position  table  and  recording  the  output  voltage  as 
a  function  of  shaft  rotation.  Angulator  response  was  determined  for  both 
clockwise  and  counterclockwise  rotation  of  the  input  shaft  to  each  angula¬ 
tor. 

The  azimuthal  location  of  the  instrumented  rotor  blade  was  measured  photo- 
electrically .  A  metal  disc  with  72  equally  spaced  slots  was  attached  to 
the  main  rotor  shaft.  Rotation  of  the  shaft  caused  the  disc  to  intercept 
a  beam  of  light  aimed  at  a  light  sensor,  thereby  producing  72  pulses  per 
revolution.  Accuracy  of  this  signal  is  better  than  ±1  degree. 


3. 2. 3. 2  Internal  Noise  Measurement  System 

The  absolute  amplitude  of  the  rotor  noise  measured  inside  the  helicopter 
was  of  secondary  importance  compared  to  the  shape  of  the  acoustic  wave¬ 
forms  and  the  relative  phasing  among  the  three  internal  noise  signals.  An 
amplitude  reference  was  supplied  for  each  location,  however,  with  a 
General  Radio  Calibrator,  model  1562A,  that  applied  a  ll4-dB  signal  (±.5  dB) 
at  1000  Hz  (±3  %)  to  each  microphone. 

3 .2. 3. 3  External  Noise  Measurement  System 

Bruel  and  Kjaer  microphones  and  amplifiers  terminated  in  a  Lockheed  tape 
recorder  model  1+17  operating  at  a  tape  speed  of  15  ips  were  used  to  record 
external  rotor  noise.  Type  1+117  piezoelectric  microphones  were  selected 
because  of  their  good  frequency  response  characteristics  (±3  dB  from  3  Hz 
to  10,000  Hz).  A  Bruel  and  Kjaer  charge  amplifier,  type  2624,  was  connected 
to  the  output  of  each  microphone  to  permit  the  use  of  long  connecting 
cables.  This  charge  amplifier's  response  is  ±.4  dB  from  5  Hz  to  10,000  Hz. 
A  noise  limit  indicator,  type  2211,  was  inserted  between  each  charge  ampli¬ 
fier  and  the  tape  recorder  to  insure  that  the  level  of  the  input  signal  to 
the  tape  recorder  stayed  within  acceptable  limits.  Response  of  this  in¬ 
strument  is  ±1.2  dB  from  2  Hz  to  35000  Hz,  and  tape  recorder  response  is 
±2  dB  fromOHz  to  5000  Hz.  The  complete  system  was  calibrated  at  ll4  dB 
with  a  General  Radio  calibrator,  type  1562A,  at  frequencies  of  125  Hz, 

250  Hz,  500  Hz,  1000  Hz,  and  2000  Hz.  Indication  of  elapsed  time  and  com¬ 
pensation  for  flutter  and  wow  were  accomplished  by  connecting  a  Systron 
Donner  time  code  generator  to  a  separate  track  of  the  tape  recorder. 
Amplitude  accuracy  of  the  total  noise  recording  system  is  estimated  to  be 
±3  dB,  while  the  worst  possible  accuracy,  obtained  by  summing  the  devia¬ 
tions  of  each  component,  is  ±7  dB. 
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Figure  12.  Airborne  Data  Acquisition  System. 


Figure  13.  Internal  Noise  Microphone  Installation. 
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Figure  14.  Ground-Based  Data  Acquisition  System  Layout. 
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Magnetic  Tape  Playback 
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4 .0  RESULTS 


The  present  study  seeks  to  define  some  of  the  characteristics  of  RIM  and 
tc  determine  how  well  these  characteristics  are  predicted  by  the  rotational 
noise  analysis  described  in  Reference  13.  The  present  study  also  evaluates 
the  ability  to  predict  rotational  noise  levels  from  theoretical  airload 
data.  Section  4.1  describes  the  calculation  procedures  and  correlation  for 
rotational  noise,  and  Section  4.2  investigates  the  aerodynamic  noise  genera¬ 
ting  mechanisms  found  in  the  CH-53A  flight  test  data. 

4.1  ROTATIONAL  NOISE  CORRELATION 

The  two  qualities  of  rotational  noise  that  determine  the  impulsiveness  of 
the  total  rotor  noise  signature  are  harmonic  amplitude  fall-off  and  rela¬ 
tive  phasir.j  among  the  noise  harmonics.  Comparison  of  measured  and  pre¬ 
dicted  root-mean-square  sound  pressure  levels  (jjBk'sa)  determined  amplitude 
correlation,  while  comparison  of  measured  and  pr^L'cted  time  histories  of 
acoustic  pressure  determined  phase  correlation.  Predicted  time  histories 
are  based  on  measured  aerodynamic  load  data.  •• 

Time  histories  of  acoustic  pressure  were  not  calcjiated  from  theoretical 
airloads.  Experience  has  shown  that  currently  available  airload/blade 
response  analyses  predict  amplitudes  fairly  well  but  predict  phase  behavior 
poorly  even  when  variable  inflow  velocities  for  helical  wake  geometry  are 
added  to  the  calculations.  Since  the  airload  phasing  can  significantly 
affect  calculated  noise  levels  (Reference  4  ) ,  it  was  decided  that  no  new 
information  would  result  from  using  theoretical  airloads  to  calculate  time 
histories  of  acoustic  pressure. 

4.1.1  Hover  Moise 


The  most  impulsive  noise  signature  heard  d\iring  the  flight  test  occurred 
during  hover  out  of  ground  effect.  This  RTN  was  caused  by  the  main  rotor 
blades  cutting  through  wakes  from  tail  rotor  blades,  a  phenomenon  which  re¬ 
quires  a  quartering  tail  wind  in  order  to  occur  during  hover.  Noise  levels 
calculated  from  measured  airloads  reflect  this  blade/wake  interaction,  but 
levels  calculated  from  theoretical  hover  airloads  do  not,  since  the  air¬ 
load  prediction  analysis  considers  only  aerodynamics  of  the  main  rotor  and 
does  not  simulate  interactions  of  main  rotor  blades  with  tail  rotor  wakes . 

4. 1,1,1  Correlation  Using  Measured  Hover  Airloads 

Calculated  and  measured  SFL's  agree  fairly  well  through  the  fifth  harmonic. 
In  theory,  ?  noise  harmonics  are  all  the  analysis  should  calculate  with  con¬ 
fidence  from  30  harmonics  of  airload  for  a  6-bladed  rotor.  Both  calculated 
and  measured  noise  levels  changed  radically  with  small  changes  in  azimuthal 
position  around  the  helicopter.  Unfortunately,  the  azimuthal  resolution 
of  the  measured  noise  data  is  insufficient  to  verify  all  the  calculated 
variations  around  the  hovering  helicopter.  To  obtain  this  information,  a 
circular  array  of  microphones  surrounding  the  helicopter  would  have  been 
required.  Since  the  instrumentation  for  such  an  approach  was  not  available, 
hover  noise  data  were  recorded  with  one  microphone  on  the  runway  centerline 
while  the  helicopter  heading  changed  in  30-degree  increments  to  achieve  an 
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azimuthal  traverse.  The  helicopter  hovered  500  feet  west  of  the  microphone 
array  at  an  altitude  of  200  feet  above  the  runway  centerline.  Home  hover 
noise  data  also  were  recorded  using  the  microphone  250  feet  north  of  the 
runway  centerline.  The  two  microphones  are  roughly  26  degrees  apart  in 
terms  of  helicopter  azimuth.  Data  from  the  sideline  microphone  has  beer. 
cnrwteH  for  the  difference  in  distance  moused  0^  the  right-unangie  geom¬ 
etry  setup  of  the  hover  test.  Noise  level  changes  due  to  directionality 
were  ignored  in  this  correction  since  the  difference  in  elevation  angle 
(angle  between  microphone,  rotor  hub,  and  horizontal)  is  approximately  2 
degrees . 

Plots  of  the  azimuthal  variation  in  calculated  SPL  are  presented  in 
Figures  1?  through  19.  The  airload  data  used  to  generate  Figure  17  do  not 
correspond  to  PIN  conditions ,  whereas  the  data  for  Figures  18  and  19  are 
associated  with  RIN.  A  measured  SPL  value  is  shown  for  each  harmonic  at 
the  appropriate  azimuth  relative  to  the  helicopter  (zero  azimuth  is  at  the 
tail  of  the  helicopter);  it  can  be  seen  that  predicted  and  measured  levels 
generally  agree  within  10  dJB,  depending  upon  harmonic  order  and  helicopter 
heading.  The  5th  harmonic  in  Figure  19  is  an  exception  since  the  measured 
SPL  is  roughly  20  dB  below  the  calculated  SPL.  A  complete  assessment  of 
prediction  accuracy  -  that  is,  SPL  and  directionality  in  vertical  and  hori¬ 
zontal  planes  -  is  beyond  the  scope  of  this  study. 

The  calculated  variation  in  SPL  around  the  azimuth  raised  questions  about 
the  validity  of  the  noise  prediction  computer  program.  Assuming  that  the 
airloads  are  fairly  steady  during  RIN-free  hover,  the  resultant  rotational 
noise  fundamental  should  radiate  uniformly  in  all  directions.  A  noise  cal¬ 
culation  using  steady  airloads  resulted  in  a  constant  fundamental  level 
around  the  azimuth.  It  is  concluded  that  the  computer  program  functions 
correctly,  and  that  the  calculated  levels  in  Figure  17  vary  azimuthally  be¬ 
cause  of  wind-induced  asymmetric  airloads.  Cyclic  changes  in  blade  pitch 
are  a  secondary  contributor  to  these  calculated  variations.  For  the  hover 
conditions  that  produced  moderate  and  pronounced  RIN,  the  calculated  varia¬ 
tions  are  attributed  to  asymmetric  loading  due  to  wind  effects  and  blade/ 
wake  interactions.  The  noise  harmonic  spectra  shown  in  Figure  20  illustrate 
calculated  and  measured  noise  variations  in  a  26-degree  azimuth  increment. 
The  calculated  time  history  of  acoustic  pressure  also  can  change  radically 
with  azimuth,  as  can  be  seen  in  Figure  21.  Differences  were  observed  in  the 
two  noise  recordings  taken  for  this  helicopter  heading,  but  the  azimuthal 
spread  was  not  sufficient  to  confirm  the  extremely  impulsive  signature  cal¬ 
culated  on  the  starboard  side  of  the  helicopter. 

^.1.1.2  Correlation  Using  Theoretical  Hover  Airloads 

In  order  to  evaluate  the  ability  to  predict  noise  without  airload  informa¬ 
tion  measured  in  flight,  levels  for  3  noise  harmonics  were  calculated  from 
theoretical  rotor  airloads.  The  results  of  this  exercise  confirm  that 
accurate  noise;  prediction  is  not  presently  possible  for  more  than  the  funda¬ 
mental  using  theoretical  airloads.  The  theoretical  airloads  are  restricted 
to  too  low  a  frequency  range  (typically  5  or  6  times  the  rotor  hub  rotation¬ 
al  frequency),  and  the  accuracy  of  the  theoretical  airload  phasing  tends  to 
be  unacceptable  for  acoustic  prediction  work.  Existing  rotor  load  analyses 
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of  the  prescribed  wake/variable  inflow/normal  modes  type  used  during  this 
study  are  adequate  for  investigations  of  rotor  and  fuselage  dynamieR.  hut 
not  for  detailed  acoustic  studies. 

Theoretical  airloads  were  calculated  using  a  variable  inflow  analysis  to 
describe  the  air  velocity  distribution  over  the  rotor  disk  for  a  given 
trim  condition.  The  wake  of  each  rotor  blade  is  assumed  to  descend  in  the 
form  of  a  helix  from  the  rotor  plane.  The  rotor  trim  condition  is  deter¬ 
mined  by  a  rotor  blade  dynamics  analysis  that  uses  the  normal  modes 
approach  to  calculate  the  loads  on  the  blades  and  the  response  of  the 
blades  to  the  impressed  loading.  If  inclusion  of  variable  inflow  changed 
the  trim  condition  too  much,  the  rotor  was  retrimmed  with  the  variable  in¬ 
flow  velocities  included,  new  inflow  velocities  were  calculated  for  the 
latest  trim  condition  (control  angles  and  blade  motions),  and  the  process 
was  repeated  until  a  converged  answer  was  obtained. 

Noise  levels  calculated  from  theoretical  hover  airloads  are  shown  in 
Figure  22  along  with  noise  levels  measured  for  the  RIN-free  case.  Slight 
azimuthal  variations  in  the  calculated  fundamental  SPL  are  caused  by  small 
higher-harmonic  airloads .  The  variations  shown  for  the  calculated  2nd  and 
3rd  harmonics  have  the  same  cause,  but  these  variations  are  larger  because 
the  airload  harmonics  are  more  efficient  acoustically  for  the  higher  noise 
harmonics.  While  the  theoretical  hover  airload  harmonics  are  sufficiently 
large  to  produce  variations  in  the  calculated  noise  fundamental,  they  are 
not  large  enough  to  give  good  agreement  between  calculated  and  measured 
noise  harmonics  above  the  fundamental. 

4.1.2  Cruise  Noise 


Correlation  between  calculated  and  measured  rotational  noise  levels  during 
forward  flight  ranged  from  good  to  fair  for  the  first  three  noise  harmonics . 
Calculated  fourth  and  fifth  harmonic  levels  tended  to  be  from  5  dB  to  10  dB 
higher  than  measured  within  1000  feet  of  the  helicopter.  At  larger 
distances,  measured  levels  tended  to  be  higher  than  calculated.  These 
results  suggest  that  calculated  directionax  characteristics  place  maximum 
radiation  of  the  harmonics  too  far  below  the  plane  of  the  rotor.  Including 
the  effects  of  rigid-body  blade  coning  and  flapping  motions  on  calculated 
directionality  changed  levels  only  by  1  to  2  dB  on  the  average,  and  this 
difference  tended  to  decrease  calculated  noise  levels  at  large  distances 
in  front  of  the  helicopter. 

Calculated  time  histories  of  acoustic  pressure  reflected  trends  in  measured 
data.  During  high-speed  cruise  at  an  altitude  of  1000  feet,  neither 
the  calculated  nor  the  measured  time  history  sounded  or  locked  impulsive  at 
large  distances . ahead  of  the  helicopter.  As  the  helicopter  drew  closer, 
both  measured  and  calculated  time  histories  became  more  impulsive.  Section 
4.2  contains  additional  information  on  measured  characteristics  of  high¬ 
speed  KIN. 

4. 1.2,1  Correlation  Using  Measured  Cruise  Airloads 

Meas  v-ed  and  calculat  ■>d  harmonic  noise  levels  are  plotted  against  iioise 
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origin  location  in  Figures  23  through  25.  Each  point  on  the  graph  gives 
the  noise  harmonic  level  that  originated  at  location, (X,  Y,  Z) .  These 
calculated  SPL's  include  th»  effects  of  rotwx  a haft  inclination  and  blade 
napping  and  coning.  Calculated  SPL's  are  shown  for  lateral  distances 
from  2000  feet  to  zero  feet  as  the  helicopter  approaches.  Measured  SPL's 
are  shown  for  lateral  distances  at  which  the  first  5  noise  harmonics  are 
well  defined.  Consequently,  the  x-axis  range  of  measured  noise  data  varies 
from  one  flight  condition  to  another.  Since  levels  for  port  and  starboard 
sides  were  obtained  by  passes  in  opposite  directions  at  a  given  nominal 
airspeed,  some  acoustic  differences  between  sides  are  from  normal  direc¬ 
tivity  associated  with  asymmetric  airloads  while  some  are  from  differences 
in  airload  amplitude  and  phase  due  to  slight  variations  in  aircraft  trim 
and  atmospheric  turbulence  between  passes.  Variations  of  calculated  SPL 
with  x-axis  location  reflect  the  effects  of  airload  amplitude  and  phase  on 
calculated  directionality. 

A  major  feature  of  the  correlation  presented  in  the  figures  is  the  con¬ 
sistently  low  calculated  SPL  at  large  distances  ahead  of  the  helicopter. 
Similar  results  were  obtained  in  Reference  15, and  an  explanation  offered 
at  that  time  was  that  the  orientation  of  the  rotor  syBtem  with  respect  to 
the  ground  should  be  included  in  the  acoustic  analyses.  Consequently,  the 
assumption  of  a  flat  rotor  disk  parallel  to  the  ground  was  removed  during 
the  present  study  by  adding  shaft  inclination  and  blade  flapping  and  con¬ 
ing  termB  to  the  analysis  (see  Appendix  I  for  analysis).  As  shown  in 
Figure  26,  the  acoustic  effect  of  these  terms  is  small,  even  during  high¬ 
speed  cruise  when  forward  shaft  inclination  and  blade  flapping  are  largest 
for  a  conventional  (non-compound)  helicopter.  Reconsidering  the  problem  in 
the  light  of  these  results,  it  appears  that  acoustic  effects  of  forward 
flight  must  be  included  for  Improved  correlation  far  in  front  of  a  rotor 
travelling  at  high  speeds .  These  forward  speed  effeafcs  enter  the  problem 
both  in  the  theory  and  in  the  airload  data  that  are  used  with  the  theory 
Theoretically,  the  helical  motion  of  a  point  acoustic  source  attached  to 
a  blade  must  be  coupled  with  relative  translational  Mach  number  effects . 
Helical  source  trajectories  were  beyond  the  scope  of  the  present  study, 
but  simulation  of  relative  translational  Mach  effects  was  accomplished 
using  a  coordinate  transformation  proposed  by  Lovson  and  Ollerhead  in  Ref¬ 
erence  k.  The  X,  Y,  and  Z  coordinates  of  each  observer  location  were 
multiplied  by  ( 1-My ) ,  where  M^  is  the  component  of  the  hub  translational 

Mach  number  in  the  direction  of  the  observer.  This  transformation  effec¬ 
tively  reduces  the  propagation  distance  between  noise  source  and  observer 
to  increase  the  calculated  noise  levels  by  the  amounts  shown  in  Figure  27. 
Results  obtained  by  recalculating  noise  with  modified  observer  coordinates 
match  results  obtained  by  scaling  originally  calculated  levels  by  20  log10 

(l/(l-Mr),  thereby  confirming  that  hub  translational  motion  alone  does  not 

alter  relative  phasing  among  the  acoustic  sources  that  define  the  rotor  as 
a  noise  generator.  In  terms  of  aerodynamic  effects,  profile  drag  forces 
increase  rapidly  with  forward  speed,  thereby  augmenting  forward-radiated 
noise. 
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The  effect  on  calculated  SPL  of  simulating  an  impulsive  chordwise  distribu¬ 
tion  ox  airload  also  was  lu»cs Ligated  briefly.  The  section  lift  force 
(pounds  per  inch  of  span)  was  concentrated  over  10?  of  the  blade  chord. 

This  is  the  same  as  increasing  differential  pressure  by  a  factor  of  10  and 
decreasing  the  area  upon  which  it  acts  by  the  same  factor.  For  this  in¬ 
vestigation,  the  pressure  amplitude  was  constant  across  the  chord.  When  a 
blade  with  this  modified  chordwise  loading  passes  over  a  point  in  the  rotor 
disk,  that  point  experiences  a  pressure  pulse  whose  amplitude  is  10  times 
normal  and  whose  duration  is  0.1  times  normal;  that  is,  the  loading  is 
more  impulsive.  As  can  be  seen  in  Figure  28,  the  more  impulsive  load 
changes  calculated  ryxise  levels  by  only  1  to  2  dB.  This  result  is  not  sur¬ 
prising  since  results  of  Reference  15  suggest  that  the  lover  harmonies  of 
rotational  noise  are  relatively  insensitive  to  changes  in  chordwise  distri¬ 
bution  if  high-frequency  airload  data  are  used  in  acoustic  calculations. 

Variations  in  correlation  between  different  flight  conditions  are  attributed 
to  the  effects  of  wind  gusts  and  turbulence  on  both  aerodynamic  and  noise 
data.  Although  the  surface  wind  velocity  was  below  10  mph  for  most  of  the 
data  acquisition  period,  the  pilots  reported  considerable  turbulence 
and  wind  gusts  at  the  1000-foot  flight  altitude.  These  unsteady  conditions 
are  believed  to  be  the  main  cause  of  the  time  variations  in  measured  noise 
over  short  time  intervals  as  well  as  the  cause  of  variations  in  measured 
rotor  aerodynamic  data. 

Some  aspects  of  the  correlation  between  measured  and  calculated  time  his¬ 
tories  of  acoustic  pressure  are  shown  in  Figure  29.  At  distances  over 
2000  feet,  neither  the  measured  nor  the  calculated  time  history  appears  im¬ 
pulsive  (Figure  29a).  As  distances  decrease  to  between  500  and  1000  feet, 
both  signatures  become  more  impulsive  on  the  advancing  blade  side  of  the 
flight  path  (Figure  £9b).  Typical  measured  and  calculated  time  histories 
for  140-knot  flight  are  shown  in  Figure  29c,  where  the  shape  of  the  acoustic 
waveform  is  consistent  with  the  subjective  observation  that  RIM  was  not 
heard  during  flybys  at  140  knots . 

4. 1,2. 2  Correlation  Using  Theoretical  Cruise  Airloads 

The  same  analytical  techniques  that  were  used  to  predict  hover  airloads 
were  used  to  predict  cruise  airloads.  Iterations  between  inflow  and  rotor 
response  analyses  were  continued  until  the  correct  rotor  lift  and  propul¬ 
sive  forces  were  obtained  (±10?)  with  head  moments  less  than  10,000  ft-lbs . 
Results  presented  in  Figures  30  through  32  show  again  that  correlation  de¬ 
creases  rapidly  with  increasing  noise  harmonic  order. 

4,1,3  Conclusions  of  External  Moise  Correlation  Study 

The  correlation  study  demonstrated  that  the  open-form  acoustic  analysis 
can  calculate  certain  qualities  of  rotational  noise  from  measured  airload 
data,  such  as  the  SPL  of  the  first  3  noise  harmonics  at  moderate  distances 
from  the  hf:licopter  Sind  the  qualitative  differences  in  acoustic  pressure 
waveforms  with  and  without  RIN.  The  study  also  demonstrated  that  inclusion 
of  rotor  orientation  in  the  acoustic  analysis  does  not  significantly  im¬ 
prove  correlation.  The  authors  currently  believe  that  source  motion  ef .  cts 
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must  be  included  in  the  acoustic  analysis  in  order  to  inmrovp  em»>*elsticn 
far  in  front  nr  «  high  performance  nej.icopt.er.  In  addition  to  including 
notion  of  the  acoustic  sources,  it  is  particularly  important  to  include 
the  effects  of  compressible  aerodynamics  on  the  airload  data  that  are  used 
for  noise  calculations.  Specifically,  the  aerodynamic  forces  in  the  plane 
of  the  rotor  due  to  profile  drag  may  strongly  influence  calculated  acoustic 
directionality.  The  present  analysis  considers  only  induced  drag  effects 
on  in-plane  aerodynamic  forces. 

4.2  IMPULSIVE  NOISE  SOURCE  LOCATION 

Triangulation  using  the  3  microphones  inside  the  cabin  of  the  helicopter 
was  employed  to  locate  the  position(s)  in  the  disk  responsible  for  the 
generation  of  impulsive  noise.  Successful  use  of  this  procedure  relies  on 
two  basic  requirements: 

1,  That  impulses  be  observed  at  all  three  microphone  stations. 

2.  That  a  given  impulse  be  identified  at  all  three  microphone 
stations . 


If  either  of  these  requirements  is  not  met,  the  triangulation  procedure 
will  not  be  useable.  Furthermore,  a  very  accurate  time  base  relating  the 
three  microphone  signals  must  be  used  because  variations  of  only  0.0001 
second  in  time-of-arrival  differences  can  cause  errors  of  up  to  10%  in  the 
location  of  the  sources. 

Examination  of  the  microphone  oscillograph  pressure  traces  (Figure  33)  re¬ 
vealed  that  for  both  hover  and  forward  flight  KIN,  the  first  requirement 
was  not  met.  In  fact,  in  forward  flight  there  was  no  discernible  impul¬ 
siveness  in  any  of  the  microphone  signals,  and  in  hover  only  the  forward 
left  side  microphone  (and  to  .some  extent  the  forward  right  microphone) 
showed  impulsiveness.  In  both  cases  the  aft  right  microphone  was  complete¬ 
ly  dominated  by  tail  rotor  rotational  noise.  Attempts  to  filter  out  these 
tail  rotor  components  did  not  correct  the  situation,  due  primarily  to  the 
unavailability  of  a  very  narrow  bandwidth,  high  attenuation  band  elimina¬ 
tion  filter. 

These  problems  resulted  in  the  use  of  an  alternative  method  to  locate  the 
source  areas.  This  method  involved  specifying  the  position  of  the  rotor 
at  the  instant  the  impulse  was  generated  and  using  the  measured,  airloads 
to  determine  the  blade  responsible  for  the  slap.  However,  since  no  impulse 
was  discernible  for  the  forward  flight  case,  this  method  is  applicable  only 
to  the  hover  case. 

4.2.1  Hover 

In  hover,  KIM  conditions  were  encountered  only  for  certain  aircraft  head¬ 
ings  with  respect  to  the  wind.  Continuous  KIN  was  experienced  only  when 
the  helicopter  was  on  a  compass  heading  of  270°  (wind  from  heading  030°) . 

At  this  heading  the  wind  was  sufficient  to  blow  the  tail  rotor  wake  into 
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the  main  rotor  disk, causing  blade/vortex  interaction  RIN;  thus,  the 
impulse  noise  source  area  is  expected  to  be  in  the  quadrant  270°-360°  (re: 
helicopter  azimutn;  0-  -  3^0°  =  tail).  For  headings.  RIN  was  not 

present,  except  at  210°  and  240°  where  it  was  intermittent. 

Examination  of  the  noise  recorded  by  the  forward  right  and  left  interior 
mounted  microphones  (Figure  33)  reveals  that  the  intensity  (severity)  of 
the  RIN  is  greatest  at  the  left  microphone,  confirming  that  the  RIN  is  in¬ 
deed  produced  on  the  left  side  of  the  aircraft.  Figure  3)*  shows  that  air¬ 
loads  near  the  tip  (section  load,  pounds  per  inch  of  span)  change  in  a 
smooth,  gradual  manner  as  the  blade  travels  around  the  azimuth,  except  for 
the  region  from  about  270°  to  360°  azimuth  where  the  blade  experiences 
rapid  fluctuations  in  lift  (loading)  due  to  interaction  with  the  tail 
rotor's  shed  wake.  It  is  this  rapid  lift  fluctuation  that  generates  the 
high-amplitude,  high-frequency  air loading  harmonics  which,  in  turn,  are 
responsible  for  the  generation  of  RIN.  Figure  34  also  shows  the  azimuthal 
loading  distribution  for  the  no-RIN  hover.  There  are  no  rapid  changes  in 
lift  to  increase  the  high-frequency  airloads ,  and  the  general  shape  of  the 
airload  spectrum  is  quite  different  from  the  RIN  case. 

The  harmonics  of  airloading  are  derived  by  performing  a  Fourier  analysis 
of  the  waveforms  shown  in  Figure  34  where  the  period  is  equal  to  one  revolu¬ 
tion.  The  pulse  shape  for  the  RIN  case  approximates  a  rectangular  pulse 
with  some  modification  due  to  the  vortex  intersections,  and  the  no-RIN  case 
is  a  rectangular  pulse  with  a  Blow  rise  time.  A  Fourier  analysis  of  these 
pulses  should  yield  a  harmonic  amplitude  spectrum  which  resembles  that  of 
a  rectangular  pulse  (Figure  35)-  Figure  36  shows  this  to  be  the  case. 

This  figure  also  shows  the  expected  increased  levels  of  the  high  frequency 
airloads  for  the  RIN  case. 

No  changes  were  detected  In  the  chordwise  distribution  of  differential 
pressure  when  the  instrumented  main  rotor  blade  passed  through  wakes  from 
the  tail  rotor,  and  no  significant  differences  were  Observed  during  hover 
with  and  without  RIN.  Figure  37  shows  a  family  of  pressure  distributions 
in  2.5-degree  increments  from  an  azimuth  angle  of  305  degrees  through  325 
degrees.  These  pressure  profiles  correspond  to  the  section  loading  data 
for  the  RIN  case  shown  in  Figure  34.  Pressure  distributions  for  hover 
conditions  with  and  without  RIN  are  presented  in  Figure  38  to  show  that 
distribution  shape  is  not  influenced  by  RIN,  The  RIN  condition  corresponds 
to  a  helicopter  magnetic  heading  of  270  degrees,  while  the  RIN-free  condi¬ 
tion  corresponds  to  a  magnetic  heading  of  030  degrees. 

Further  indication  of  the  location  of  the  impulse  generating  area  is  given 
by  determining  the  location  of  the  rotor  at  the  instant  the  RIN  is  generat¬ 
ed.  This  location  is  found  through  use  of  the  l-per-rev  contactor  channel 
recorded  on  the  same  tape  as  the  internal  microphone  data.  Examination  of 
the  recorded  data  shown  in  Figure  33a  revealed  that  for  one  revolution  of 
the  instrumented  blade,  six  impulses  were  recorded  by  the  microphones  (each 
blade  passing  through  the  tail  rotor  wake).  Figure  3 9  illustrates  the 
range  of  rotor  locations  at  time  of  impulse  for  three  revolutions  of  the 
blades  (eighteen  impulses).  This  range  is  found  to  be  from  about  300°  to 
325°  azimuth,  which  agrees  with  the  pressure  traces  of  Figure  34.  It  thus 
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seems  reasonable  to  assume  that  the  rJii'J  observed  on  the  CH-5.A  during  hover 
is  due  to  main  rotor  blade/tail  rotor  wake  interactions  which  occur  at 
tx&iiuulh  300°  -  32pr’.  Tnis  taw  is  otserved  at  the  two  forward  internal 
microphone  stations,  hut  is  masked  by  tail  rotor  noise  at  the  aft  right 
microphone  station. 

4.2.2  Forward  Flight 

RIN  was  observed  during  forward  flight  only  at  high  speed  (170  kt).  Ob¬ 
servers  on  the  ground  noted  that  this  form  of  RIN  was  highly  directional 
and  could  be  heard  only  during  approach  at  large  helicopter  to  observer 
distances  where  the  angle  of  the  observer  below  the  rotor  disk  is  small. 

As  the  helicopter  approached  and  the  angle  became  larger ,  the  Impulse  could 
no  longer  be  heard.  Based  on  the  directionality  arguments  presented  in 
Section  2.3,  this  in  not  an  unexpected  observation.  Simultaneous  measure¬ 
ment  of  noise  along  the  ground  track  and  250  feet  to  the  side  provided 
additional  information  on  directional  characteristics  of  forward-flight 
RIN.  The  acoustic  signature  directly  ahead  of  the  helicopter  reached  its 
maximum  impulsiveness  several  seconds  earlier  than  the  signature  250  feet 
to  the  side  of  the  flight  path.  The  noise  data  exhibited  mild  RIN  on  the 
retreating  blade  side  of  the  helicopter.  Figure  l*o  illustrates  the 
characteristics  described  above  for  the  centerline  microphone  and  advanc¬ 
ing  blade  side  microphone  (flight  from  east  to  west).  Note  the  impulsive¬ 
ness  of  the  centerline  signal  compared  to  the  advancing  blade  side  signal 
in  Figure  l*0a,  corresponding  to  a  helicopter  location  over  2500  feet  away. 
Figures  l*ob  through  l*0d  bring  the  helicopter  nearly  overhead.  Figure  4l 
shows  the  two  noise  signals  for  flight  from  west  to  east,  with  ,4la  repre¬ 
senting  maximum  impulsiveness  on  the  retreating  blade  side  of  the  aircraft. 
Comparison  of  the  upper  trace  of  this  figure  with  that  of  Figure  ^0c  shows 
the  RIN  on  the  retreating  blade  side  to  be  less  severe  than  on  the  advancing 
blade  side.  Figure  41b  corresponds  to  the  helicopter  passing  over  the 
microphone  array.  For  comparison,  Figure  1*2-  presents  the  most  impulsive- 
looking  signal  recorded  during  140-knot  flight  from  east  to  west.  Acoustic 
rise  times  are  not  short  enough  to  produce  RIN  in  this  case. 

Oscillograph  traces  of  the  noise  recorded  by  the  internal  microphones 
(Figure  33b)  showed  no  impulsiveness  at  the  two  forward  stations.  The  aft 
microphone  was  completely  dominated  by  tail  rotor  noise,  and  filtering  the 
signal  did  not  improve  the  situation.  The  fact  that  the  impulse  was  not 
recorded  by  the  internal  microphones  is  to  be  expected,  as  can  be  shown  by 
reference  to  Equation  1  (Section  2.1.1).  The  replacement  of  r  by  r  (l-M  ) 
to  account  for  the  effect  of  forward  speed  on  the  sound  heard  by  a  station¬ 
ary  observer  reverts  to  simply  r  if  the  observer  is  moving  with  the  heli¬ 
copter.  Thus,  the  acoustic  effect  of  forward-flight  RIN  is  not  applicable 
to  an  observer  on  the  helicopter.  Some  aerodynamic  phenomenon,  such  as 
blade/wake  interaction  or  compressibility-induced  loading  oscillations, 
must  occur  to  cause  RIN  that  can  be  detected  inside  the  helicopter.  Airload 
data  do  not  show  blade/wake  interactions,  so  compressibility  effects  are 
left  as  the  source  of  high-speed  RIN  that  can  be  heard  in  the  moving  ref¬ 
erence  frame.  Compressibility  increases  in-plane  forces  more  than  out-of¬ 
plane,  which  increases  in-plane  components  of  rotational  noise.  This  will 
increase  the  first  two  or  three  rotational  harmonics  slight ly  inside  the 


helicopter  but  will  not  be  powerful  enough  to  cause  RIN  to  be  heard  Inside 
the  helicopter. 

It  was  postulated  in  Section  2.3  that  advancing  blade  RIN  was  primarily  an 
acoustic  effect,  of  high  tip  Mach  numbers  rather  than  a  result  of  high 
harmonic  airloading.  This  can  be  seen  by  reference  to  Figure  1*3.  The 
airloading  variation  with  azimuth  for  the  Rlil  and  no-RIN  cases  is  somewhat 
the  same,  except  that  the  region  of  negative  lift  is  of  larger  duration 
for  the  RIN  case.  However,  there  are  no  rapid  changes  in  loading  to  cause 
increased  high-frequency  air loading  harmonics.  This  can  be  seen  more 
clearly  in  Figure  1*1*,  where  the  airloading  harmonics  have  been  plotted  for 
the  two  cases.  There  is  virtually  no  difference  in  the  high-frequency 
airloads,  and  in  fact,  the  amplitude  decay  with  increasing  harmonic  fre¬ 
quency  approaches  X~2  both  cases.  Obviously,  there  are  some  differences 
in  the  harmonic  content  between  the  two  cases,  and  this  will  cause  differ¬ 
ences  in  the  character  of  the  observed  sound. 

Based  on  the  results  of  the  measured  airloading,  and  on  the  observed 
directionality  of  the  radiated  sound,  it  appears  that  for  the  CH-53A, 
advancing  blade  RIN  is  indeed  a  high  tip  Mach  number  acoustic  effect  rather 
than  a  result  of  increased-amplltude  high-frequency  airloads,  as  in  the 
case  of  blade/wake  interaction  RIN.  The  observed  directionality  of  the  im¬ 
pulse  confirms  the  theoretical  explanation  offered  in  Section  2.3.  Compres¬ 
sibility  effects,  while  enhancing  the  radiated  slap,  do  not  appear  to  be 
the  primary  cause  of  advancing  blade  slap.  Compressibility  generated  noise 
is  not  highly  directional,  as  shown  in  Section  2.3;  however,  the  observed 
impulse  is  very  directional  in  the  plane  of  rotation.  Since  the  advancing 
tip  Mach  number  of  0.875  during  170-knot  cruise  is  only  slightly  into  drag 
divergence  (Figure  8),  the  profile  drag  forces  will  not  be  predominant, 
and  noise  generated  in  this  way  will  be  a  secondary,  although  possibly  a 
significant,  source. 
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b.  Second  Harmonic 


c.  Third  Harmonic 


Figure  18.  Calculated  Hover-Noise  Variation,  Helicopter 
Heading  210  Degrees,  Moderate  RIN. 
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d.  Fourth  Harmonic 


e.  Fifth  Harmonic 


Figure  18.  Concluded. 
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c.  Third  Harmonic 


Figure  19-  Calculated  Hover  Noise  Variation, 

Helicopter  Heading  2J0  Degrees,  Pronounced  RIN. 
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a.  Azimuth  Location  280  Degrees 


Marmaiila  Ordar 

b.  Azimuth  Location  306  Degrees 


Figure  20.  Measured  and  Calculated  Rotational 
Noise  Spectra  at  Two  Locations 
During  Hover,  Helicopter  Heading 
210  Degrees . 
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Calculated  Time  Histories  of  Acoustic  Pressure  at 
Several  Azimuth  Locations  During  Hover,  Helicopter 
Heading  270  Degrees  Magnetic,  RIN  Condition. 
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i  Figure  26.  Effect  of  Shaft  Inclination  a 

;  on  Calculated  Noise,  Measured 

i  170  kt,  Starboard  Side. 

i  53 


i 


X-LOC  ATIOW  — Ft/tOO 


figure  26 .  Concluded 
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Figure  27.  Effect  of  Simulated  Translational 
Mach  Number  on  Calculated 
Noise,  170  kt.  Centerline. 
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Figure  28.  Effect  of  Simulated  Impulsive 
Chordvise  Loading  Distribution. 
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a.  170  kt.  No  RIN,  Helicopter  Over  25OO  ft  Away 
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b.  170  kt,  Maximum  RIN,  Helicopter  500  to  1000  ft  Away 
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c.  1L0  kt,  No  RIN,  Helicopter  Approximately  500  ft  Away 


29,  Measured  and  Calculated  Time  Histories  of 
Acoustic  Pressure  on  Starboard  Side  . 
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Figure  37.  Chordvise  Distribution  of  Differential  Pressure 
as  a  Function  of  Azimuth,  Hover  RIN 
Condition. 
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b.  RIN  Not  Present 


Figure  38.  Chordvise  Pressure  Distribution 
With  and  Without  RIN,  g&%  Span, 
l60°  Azimuth. 
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CENTERLINE 


a.  Helicopter  Over  2500  ft  Away 


Figure  ^0.  Measured  Time  History  of  Acoustic 

Pressure,  Advancing  Blade  Side,  170  kt. 
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SIDELINE 


CENTERLINE 

c .  Helicopter  Approximately  600  ft  Avay 


SIDELINE 


Figure  to-  Concluded. 
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CENTERLINE 


a.  Maximum  Sideline  Impulse,  Helicopter 
Approximately  600  ft  Away 
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centerline 


b .  Helicopter  Passing  Over  Microphones 

Figure  4l.  Measured  Time  History  of  Acoustic  Pressure, 
Retreating  Blade  Ride,  170  kt. 


SIDELINE 


CENTERLINE 


Figure  42.  Measured  Time  History  of  Acoustic 

Pressure,  Advancing  Blade  Side,  l40  kt. 
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Figure  4U.  Airloading  Harmonic  Amplitude  for  Cruise  RIN  and 
No-RIN  Conditions  (9W  Span). 


5.0  CONCLUSIONS 


Based  on  the  results  of  this  study  of  rotor  impuln'tv,.  n^ise  (F.IN)  of  a 
single  rotor  helicopter,  it  is  concluded  that: 

1 .  RIN  is  characterized  by  an  increase  in  SPL  of  the  higher  har¬ 
monics  of  rotational  noise  rather  than  increases  in  broadband 
noise  amplitude  and  modulation.  Rotor  rotational  noise  harmon¬ 
ics  up  to  the  twenty -third  ( 1*30  Hz)  were  measured  during  RIN  con¬ 
ditions  . 

2.  Cruise  RIN  and  hover  RIN  of  single-rotor  helicopters  appear  to 
be  generated  by  different  aeroacoustic  mechanisms.  Cruise  RIN 
results  from  the  combination  of  acoustic  effects  of  high  sub¬ 
sonic  tip  Mach  number  and  aerodynamic  effects  of  drag  divergence. 
Hover  RIN  results  from  high  frequency  oscillations  in  airloads 
commonly  caused  by  blade/wake  interactions. 

3.  Cruise  RIN  is  highly  directional,  with  maximum  severity  occurring 
directly  ahead  of  the  helicopter  at  small  angles  below  the  plane 
of  the  main  rotor.  The  observed  directionality  of  this  RIN  re¬ 
sults  from  the  directionality  of  drag  divergence  generated  noise 
(maximum  in  the  plane  of  the  rotor)  and  the  forward  Bhift  in 
directionality  in  the  rotational  noise  lobes  which  occurs  during 
high  speed  translation. 

h.  Aerodynamic  shock  effects  do  not  appear  to  be  a  primary  source 
of  RIN  for  the  helicopter  studied. 

5.  The  inclusion  of  blade  flapping  and  coning  in  the  acoustic  analy¬ 
sis  does  not  significantly  improve  correlation  of  measured  and 
predicted  noise  levels. 

6.  Calculated  time  histories  of  acoustic  pressure  agree  with  trends 
in  measured  cruise  data.  Calculated  and  measured  impulsiveness 
increases  at  170  knots  as  the  helicopter  approaches  the  observer, 
while  neither  the  calculated  nor  the  measured  waveform  is  im¬ 
pulsive  at  li+0  knots. 

7.  Calculated  noise  harmonic  levels  correlate  with  measured  data 
through  the  third  harmonic  at  moderate  distances  from  the  heli¬ 
copter.  Correlation  at  large  distances  tends  to  be  poor. 
Analytical  omission  of  source  motion  and  drag  divergence  effects 
seem  to  be  the  prime  factors  contributing  to  this  inaccuracy. 
Atmospheric  scattering  of  the  noise  may  also  be  a  contributing 
factor  by  causing  shifts  in  the  highly  directional  forvard  radiat¬ 
ing  patterns . 
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6.  Theoretical  airloads  predicted  from  a  Sikorsky-developed  rotor 
loads  and  aeroelastic  analysis  (which  uses  a  normal  modes 
approach  coupled  with  variable  inflow)  do  not  contain  sufficient 
higher-harmonic  amplitude  and  phase  lufuxiuation  to  bo  useful  for 
detailed  acoustic  predictions.  These  theoretical  airloads  give 
useful  estimates  only  of  the  fundamental  and  the  second  harmonic 
of  rotor  rotational  noise. 

9.  Limited  ability  of  theoretical  airload  analyses  to  predict 

higher-harmonic  amplitude  and  phase  suggests  that  new  empirical 
approaches  are  required  to  provide  airload  data  for  acoustic 
predictions . 
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6,0  RECOMMENDATIONS 


Results  from  this  study  lead  to  the  following  recommendations  for  future 


1.  Modify  the  analysis  used  for  the  present  study  to  incorporate 
the  acoustic  effects  of  profile  drag  and  source  motion.  Evaluate 
improvement  in  correlation  with  noise  data  presented  in  this 
report  and  in  Reference  15 . 

2.  Develop  a  practical  analysis  for  estimating  rotor  noise  without 
measured  airload  data.  This  entails  developing  an  empirical 
method  for  predicting  airload  spectrum  shapes  from  measured  rotor 
load  datt.  (such  as  H-31*,  NH-3A,  CH-53A,  and  UH-1B  data)  and  de¬ 
veloping  a  computerized  subroutine  to  construct  an  appropriate 
airload  spectrum  for  the  rotor  geometry  and  flight  condition  of 
interest. 

3.  Improve  the  accuracy  of  broadband  noise  prediction  by  including 
the  acoustic  effects  of  vortex  shedding,  boundary  layer  turbu¬ 
lence,  and  oncoming  vorticity  in  an  acoustic  analysis.  Such  an 
analysis  should  include  the  effects  of  blade  tip  geometry  on  shed 
vorticity  and  aerodynamic  circulation.  The  study  of  basic  gen¬ 
erating  mechanisms  of  rotor  broadband  noise  currently  supported 
by  ARO-Durham  under  contract  DAHCOU-69-C-OO89  should  be  in¬ 
valuable  in  the  recommended  study. 
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APPENDIX  I 

COMPUTER  PROGRAM  MODIFICATION 

Tin-  '-uiupu It i'  program  aeseriDed  in  AVLABS  Report  T0-1B  (Reference  13)  was 
modifieu  during  the  present  study  to  reduce  running  time,  to  include  rigid 
body  blade  flapping  and  rotor  shaft,  inclination,  and  to  obtain  the  time 
history  of  acoustic  pressure  at  each  location  for  which  rotational  noise 
levels  are  calculated.  Modifications  are  described  below. 

1.1  RUNNING  TIME 


'The  computer  program  calculates  rotational  noise  harmonic  levels  based  on 
any  arbitrary  pressure  distribution  on  the  rotor  blades.  In  order  to  re¬ 
late  the  pressures  on  the  blades  to  the  noise  heard  by  an  observer,  the 
pressure  profile  on  a  typical  section  of  a  blade  at  any  given  time  is  rep¬ 
resented  by  a  Fourier  series  whose  coefficients  are  calculated  by  numeri¬ 
cally  integrating  the  pressure  profile  over  the  appropriate  interval. 

Since  the  pressure  profile  changes  as  the  blades  move  azimuthally,  the 
Fourier  series  coefficients  required  for  each  noise  harmonic  must  be  cal¬ 
culated  several  hundred  times  to  define  the  rotor  system  as  a  noise  source. 
The  calculation  of  these  Fourier  series  accounts  for  75$  of  the  machine 
time  used  in  the  calculation  of  each  noise  harmonic. 

These  series  coefficients  are  stored  in  the  computer  since  they  are  not  in¬ 
fluenced  by  locations  for  which  noise  levels  are  calculated.  In  the  origi¬ 
nal  version,  the  coefficients  were  stored  in  the  computer  core  and,  conse¬ 
quently,  were  available  only  during  the  running  of  the  program.  If  in¬ 
spection  of  the  computer  output  revealed  that  different  observer  locations 
were  required  to  answer  questions  about  the  noise  radiation  patterns,  it 
was  necessary  to  re-run  the  program  to  reproduce  the  old  Fourier  series 
for  the  new  observer  locations.  In  the  modified  version,  the  series  co¬ 
efficients  are  stored  on  magnetic  tape  for  each  rotor  operating  condition. 
Machine  time  on  subsequent  runs  is  reduced  from  more  than  150  seconds  per 
noise  harmonic  to  approximately  ^0  seconds  by  reading  the  coefficients 
from  the  tape.  An  input  option,  DRUM,  has  been  added  to  soecify  that 
coefficients  are  to  be  read  in  from  tape. 

1.2  RIGID  BODY  FLAPPING 

In  the  original  noise  prediction  computer  program,  the  rotor  disk  is  rep¬ 
resented  by  a  flat  plate  that  lies  in  a  plane  parallel  to  the  ground. 
Directional  characteristics  of  the  rotor  noise  are  caused  solely  by . the 
distribution  of  aerodynamic  forces  over  the  rotor  disk  and  by  the  pitch 
angle  of  the  rotor  blades  as  they  rotate  around  the  azimuth .  Subsequent 
correlation  work  using  this  analysis  indicated  that  correlation  should  be 
improved  by  removing  the  assumption  of  a  horizontal,  flat  rotor  disk  in 
favor  of  a  more  realistic  description  of  the  rotor  geometry  and  orienta¬ 
tion  relative  to  the  ground. 

The  present  study  improved  the  mathematical  model  of  the  rotor  system  by 
adding  rotor  shaft  fore/aft  inclination  and  rigid-body  blade  flapping 
to  the  noise  prediction  equations.  The  sign  conventions  used  are  standard 
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for  helicopters  (Gessow  and  Meyers,  Reference  ]h)  with  shaft  inclination 
angle  (0)  positive  aft,  and  blade  flapping  angle  (<f> )  positive  above  the 
plane  perpendicular  t-~-  the  rutur  shaft  {figure  h .  These  angles  an;  used 
to  define  the  x,  y,  and  z  components  of  the  aerodynamic  forces  acting  on 
the  rotor  blades.  The  effects  of  these  angles  on  the  dist.nne#>  between 
rotor  an'i  observer  are  neglected  since  this  effect  3s  small  for  normal 
helicopter  operations. 


The  solution  to  the  acoustic  wave  equation  that  is  the  foundation  of  the 
noise  prediction  analysis  is  given  in  Reference  15  as  the  relationship 


b  R  2r 


rj J J  Jkxir+  %i*  +  0ml-a7 -l“T  cOs{mnQ[t— i.  -i]| 


0  0  0 


1  mx  dx 


where  Pm(x,y,z,t)  is  the  mth  harmonic  of  acoustic  pressure  as  a  function 
of  time  t  and  observer  location  (x,  y,  z)  and  g  ,  g  ,  g  ,  h  ,  h  h 

mx  my  mz  mx5  my*  mz 
are  related  to  the  components  of  the  aerodynamic  forces  in  the  x,  y,  and  z 
directions  as  defined  in  Reference  15. 

The  flapping  motion  of  the  blades  introduces  radial  components  of  aero¬ 
dynamic  forces  in  the  rotor  disk.  Fore/aft  inclination  of  the  rotor  shaft 
merely  changes  the  orientation  of  the  rotor  system  relative  to  the  ground, 
oince  both  feathering  (pitch)  and  flapping  motions  are  measured  with  re¬ 
spect  to  the  rotor  shaft,  it  is  convenient  to  develop  the  analysis  in  a 
shaft  axis  coordinate  system  (Figure  1*5).  Inclination  of  the  rotor  shaft 
from  the  vertical  then  can  be  accounted  for  by  a  simple  transformation  of 
coordinates . 


Coordinate  Convention: 


Origin: 
x  : 

y  : 
z  : 


ip  : 


The 


V’ 


Center  of  rotation 
J_  shaft,  +  =  aft  (ip  =  0°) 

JL  shaft,  +  =  starboard  side  (ip  =  90°) 

Coincides  with  shaft  axis,  +  =  direction  of  positive 
rotor  thrust 

Pitch  angle  on  blade,  +  =  leading  edge  up,  function  of 
radius  and  azimuth 

flapping  angle,  +  =  above  x-y  plane,  function  of  azimuth 
only  (the  blade  is  not  permitted  to  bend  or  twist 
dynamically) 

Azimuth  angle,  normal  helicopter  (ccw  from  above,  ePon 
x-axis ) 

hmx’  etc-» Parameters  may  be  treated  as  components  along  each  axis 
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of  the  aerodynamic  forces  acting  on  the  rotor  blades.  For  this  analysis, 
aerodynamic  forces  always  are  perpendicular  to  both  the  chord  line  and  the 
feathering  axis  of  the  rotor  blades.  These  forces  are  projected  onto  the 
z-axis  directly  and  onto  the  x-y  plane  as  rudial  and  azimuthal  components. 
If  F  is  the  aerodynamic  force  vector  as  shown  in  Figure  46,  then  the  radial 
component,  F_,  is  F_  =  F|  cosB  sin  <j);  the  azimuthal  component,  F  ,  is 

^  -H  n  A 

FA  =  |  F  |  a  in  3  >  and  the  vertical  component,  Fg,iB  ^7  =  l^lcos8  cos4>>  x-  and 
y-axis  components  of  F  are  easily  found  from  the^azimuthal  and  radial 
components 

fx  =  *ASIN*  -  F„COS* 

Tv  =-('ACOS*  +  FRS.N* 

ft  -  |?|cos/Jcos* 

The  above  relationships  translate  into  acoustic  wave  equation  terminology 
as  follows,  where  g^  is  the  magnitude  of  the  unresolved  aerodynamic  force 


g 

mx 


g 


»uy 


g 

m 


-0 

m 


^SIN/JSIN*  -  COS0SIN*COS* 
fsiN0COS*  +  C0S/8  SIN*  SIN* 


) 

) 


g  =  g  cosmos* 

mx  m 


with  analogous  results  for  the  h  terns . 

HI 

1.3  INCLINATION  OF  ROTOR  SHAFT 

The  preceding  equations  are  valid  in  the  shaft-axis  coordinate  system, 
but  this  reference  frame  is  not  convenient  for  application  to  the  noise 
prediction  computer  program.  Consequently,  the  equations  have  been  trans¬ 
formed  from  the  shaft  axis  coordinate  system  to  a  more  convenient  system 
with  the  x-y  plane  parallel  to  the  ground,  and  z  normal  to  the  x-y  plane 
(positive  above  this  plane).  By  considering  only  fore/aft  shaft  inclina¬ 
tion,  the  transformation  consists  of  simple  rotation  about  the  y-axis. 
Using  primed  symbols  for  the  shaft-axis  system  and  unprimed  for  the  trans¬ 
formed  coordinates,  the  result  is 

X  =  X'COS0  -r  I'SINtf 

y  =  y' 

i  M  i  COS  0  -  x'  SIN  0 
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Consequently, 


g  as  g1  COS9  +  g'  siNfl 
mn  i»»  m« 


0  ■  g 

my  my 


g  mg'  COS9-g‘  SIN# 
m*  mi  mx 


so  that  the  final  result  for  g  (or  h  )  with  the  addition  of  flapping  and 
longitudinal  shaft  tilt  is  m  m 


=  gmjcOS9^SIN0  SIN*- COS/9  SIN*COS^  +  SINS  COSfi  cos*  | 


°mx  — 


gm  =g  <~COSd  SIN*  SIN*  —  SIN/J  COS  * 
my  mj 


°mi  =#m  COS0COS$COS  *  +  SINS  ^COS0  SIN*COS*  -  SIN/9  SIN*^  | 


The  flapping  and  shaft  tilt  terms  from  g  and  h  propagate  through  the 
analysis  and  ultimately  influence  only  one  basic  term  in  the 
equations.  That  term,  q  ,  accounts  for  direction  and  distance  from  the 
rotor  system  to  an  observer  location. 


q1  =  [x  -r  COS  *]  |cOS*[siN0  SIN*  -  COS/3  SIN9  COS*  +  SIN  9  COS0COS*]^ 
-[y-  rSIN*]|cOS/»SIN*SIN*  S  S!N,«COS*| 

+  z  ^COS  9  COS/9  COS*  +  SIN  0  [cOS/3  SIN*COS*  -  SIN/9  SIN  *]  | 


I.U  ACOUSTIC  PRESSURE  TIME  HISTORY 

In  previous  correlation  studies  of  rotor  rotational  noise  (Eeferences  2 
and  15), the  root-mean-square  sound  pressure  level  (SPL)  in  decibels  was 
the  critical  parameter.  The  present  study  has  included  the  time  history 
of  acoustic  pressure  to  determine  how  well  the  analysis  predicts  both 
amplitude  and  phase  of  the  noise  harmonics.  The  addition  of  the  time  his¬ 
tory  to  the  computer  program  was  straightforward  since  the  required 
acoustic  parameters,  u^  and  v  ,  are  calculated  for  the  rms  SPL.  The 
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acoustic  pressure  of  the  mth  harmonic  as  a  function  of  time  is  given  as 
p  fl"|  =  u  COS  muit  +  V  SIN  mut 

where  w  is  the  blade  passage  rre^eiicy .  The  total  aeevs+d  r>  riressure. 

P(t),  can  be  constructed  from 

00 

p[t]  —  um  COS  mu«  •fv^SINmut 

mm  1 

The  computer  program  now  divides  the  blade  passage  period  into  40  segments 
to  define  the  time  history  of  acoustic  pressure. 

1.5  USE  OF  ROTATIONAL  NOISE  PREDICTION  COMPUTER  PROGRAM 

The  program  calculates  the  root-mean-square  (SPL)  of  up  to  10  harmonics  of 
rotor  rotational  noise  at  as  many  as  20  observer  locations  relative  to  the 
rotor  system.  The  time  history  of  acoustic  pressure  also  is  calculated. 

Calculated  noise  levels  can  be  based  on  different  chordwise  distributions 
of  airloading.  Flight  test  aerodynamic  data  are  used  whenever  possible, 
so  the  chordwise  distribution  is  arbitrary  and  reflects  the  effects  of 
stall,  compressibility,  reversed  flow,  and  blade  wake  interactions.  Use  of 
an  arbitrary  distribution  without  flight  data  requires  the  user  to v; fabri¬ 
cate  pressures  that  give  the  desired  distribution. 

Subroutine  E386RN  is  provided  to  calculate  noise  levels  based  on  a  hypo¬ 
thetical  constant  airload  across  the  blade  chord.  This  subroutine  is  much 
faster  and  less  complicated  than  the  calculation  procedure  for  an  arbitrary 
chordwise  distribution  of  load.  The  time  history  of  acoustic  pressure  is 
not  calculated  when  subroutine  E386RN  is  used  alone. 

1.5.1  Hardware  Requirements 

The  program  was  written  in  FORTRAN  V  specifically  for  use  on  the  Univac 
1108  system  operated  by  the  United  Aircraft  Research  Laboratories  (UARL) . 
The  program  uses  direct  access  input/output  FH-332  drums,  units  28  through 
30,  to  manipulate  data.  One  tape  drive  unit,  number  14,  is  required  to 
store  or  recall  the  Fourier  series  coefficients  discussed  in  Section  1.1. 

If  the  noise  prediction  program  is  to  be  run  on  a  different  computer,  an 
analyst  must  go  over  the  source  deck  to  make  the  input/output  calls  com¬ 
patible  with  available  hardware.  Without  using  overlay  techniques,  the 
program  uses  approximately  50,000  decimal  words  of  storage. 

1.5.2  Software  Requirements 

The  program  uses  two  software  packages  that  are  uniquely  suited  to  the  UARL 
system.  One  package,  called  NTRM,  was  used  in  the  original  version  of 
the  noise  prediction  program.  This  routine  allows  the  1108  computer  to 
proceed  with  calculations  while  parameters  are  being  read  into  core  or 
written  out  onto  a  storage  file.  While  this  feature  is  standard  for  the 
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1108,  different  computer  installations  may  have  a  different  name  or  call 
argument  for  the  routine  than  the  [JAF.L  system.  All  calls  to  NTRflrj  noniw 
iii  luc  part,  01  tne  program  called  E676.  The  other  software  package  that 
is  tailored  to  UARL's  system  is  called  Drum  Data  Transfer  (DDT).  This 
routine  was  added  during  the  present  study  to  expedite  stc.-age  and  re¬ 
trieval  of  the  coefficients  discussed  in  Section  1.1.  The  remainder  of 
the  present  section  describes  where  DDT  is  used  in  the  program  and  out¬ 
lines  the  requirements  that  a  substitute  storage/retrieval  routine  must 
satisfy. 

Coefficients  named  GMAR  and  HMAR  are  calculated  for  each  noise  harmonic  and 
are  a  function  of  the  aerodynamic  loading  on  the  rotor  blades .  For  each 
noise  harmonic,  there  are  720  values  of  GMAR  and  720  values  of  HMAR  (l44 
azimuthal  locations  per  spanvise  location  times  5  spanvise  locations). 

Since  the  program  is  designed  to  calculate  as  many  as  10  harmonics  of  noise, 
the  storage  system  must  accommodate  14,400  coefficients.  Storage  format 
should  be  conducive  to  retrieving  all  of  the  coefficients  for  a  given  noise 
harmonic  at  the  start  of  the  major  loop  on  noise  harmonics  in  E676. 

The  statements  in  the  noise  prediction  computer  program  that  involve  DDT 
operations  are  identified  below  by  the  sequence  numbers  that  are  punched 
in  the  last  8  columns  of  each  card.  Comment  cards  precede  each  DDT  opera¬ 
tion  to  explain  its  purpose.  The  first  1*  characters,  L?6m,  label  the  cards 
as  part  of  the  main  program  E676.  In  the  program  version  presented  in 
Appendix  V,  statements  for  DDT  operations  have  been  changed  to  comment 
cards  by  placing  a  "C"  in  column  1.  The  relevant  cards  are:  L76M0910, 
L76M2750,  L76M3600  through  L76M3640,  L76M4020,  L76M4890,  L7bM4900,  L76M»‘920, 
and  L76M4930. 

Note  that  cards  L76M2750,  L76M4890,  and  L?6m4900  use  DDT  when  the  DRUM  in¬ 
put  mode  is  not  used.  The  computer  program  can  be  used  without  developing 
a  substitute  for  DDT  by  deleting  these  3  cards  and  using  the  CARD  input 
mode.  Section  1.5.4  defines  input  parameters  and  illustrates  proper 
placement  on  punched  cards . 

1.5.3  Data  Requirements 

Input  data  describe  rotor  geometry  and  flight  condition,  observer  location 
relative  to  the  rotor  system,  and  aerodynamic  loads  acting  on  the  rotor 
blades.  These  data  are  read  from  cards  for  each  run  or  are  built  into 
the  program  in  the  block  data  subroutine  BL0DAT.  Section  1.5.6  discusses 
some  features  of  this  subroutine  that  might  affect  use  of  the  program  for 
a  rotor  system  other  than  the  CH-53A  rotor  that  was  used  for  this  study. 
Output  data  normally  consists  of: 

1.  A  display  of  input  values  including  differential  pressure  as  a 
function  of  azimuth  for  each  chordwise  and  spanwise  location  on 
the  blade. 

2.  A  listing  of  Fourier  series  coefficients  (Section  I.l)  as  a  func¬ 
tion  of  azimuth  for  each  span  location  and  each  noise  harmonic. 
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3.  A  listing  of  the  oscillatory  components  of  acoustic  pressure  used 
in  the  final  equation  of  section  I.h. 

.  A  listing  of  SPL  as  a  function  of  observer  location  for  each 

*■>  r-i-T  r»  n  Vi  •%  r» 

1 . 5  ■*+  Input  Parameters  and  Format 


The  programming  names  of  input  parameters  and  their  appropriate  units  are 
indicated  in  this  section-  Placement  of  these  parameters  on  punched  cards 
is  illustrated  in  Figure  1+7 .  Figure  U3  shows  actual  values  in  a  complete 
sample  data  set  for  the  CARD  input  mode.  Numerical  values  of  the  input 
parameters  must  contain  a  decimal  point  unless  an  integer  is  specified. 


BB  Maximum  blade  thickness;  inches. 

AA  Blade  chord  length;  inches,  assumed  constant  along  the  blade 

span. 

BLADEL  Blade  length  (radius);  inches,  measured  from  center  of 
rotation. 

GAMA  Blade  twist  rate  (linear);  degrees  per  inch,  positive  value 
for  normal  negative  twist  from  root  to  tip. 

RO  Blade  radial  location  where  twist  starts;  inches,  normally 

taken  to  be  reference  radius  for  blade  pitch  angle. 

CC  Speed  of  sound  in  air;  inches  per  second. 

OMEG  Rotational  sp^ed  of  rotor;  revolutions  per  minute. 

DPS.I  Azimuth  angle  increment  for  calculations;  degrees,  can  be 
1.25  degrees  of  multiple  of  2.50  degrees. 

NBLADE  Number  of  rotor  blades;  integer. 

MLIMDP  Number  of  harmonics  of  blade  pressure  to  be  input,  not  greater 
than  30;  integer. 

MLIMRN  Highest  noise  harmonic  order  to  be  calculated,  not  greater 
than  10 ;  integer . 

LSPAN  Number  of  interpolated  equidistant  radial  stations  used  in 
noise  calculations,  equals  10  or  20  only;  integer. 

IREELS  Number  of  input  data  tapes  (not  greater  than  5) »  normally 
left  equal  to  1;  integer. 

TC0P  Option  to  read  aerodynamic  data  from  punched  cards  (CARD), 
or  magnetic  tape  or  fastran  drum  (DRUM) ;  alphanumeric . 

PUNCH  Option  to  punch  aerodynamic  pressure  harmonics  on  cards, 
normally  left  N;  alphanumeric. 

INTERM  Option  for  intermediate  output,  left  N;  alphanumeric. 

IDD  Option  for  intermediate  output,  left  blank  or  0  (zero); 

integer . 

RR(IN)  Instrumented  radial  stations  in  terms  of  decimal  fraction  of 
span  for  IN  =  1  (closest  to  root)  to  IN  =  5  (closest  to 
blade  tip) . 


a 

K 

! 

\ 

i 

f.r 

/$ 


XA( IN, JN) Instrumented  chordwise  in  terms  of  decimal  fraction  of  chord 
at  chord  locations  JN  =  1  (closest  to  leading  edge)  to 
JN  =  5  (closest  to  trailing  edge)  for  each  span  IN. 
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TIME 


Time  interval  over  which  acoustic  pressure  is  oalcul «+.»ri , 
normally  equals  period  or  blade  passage  frequency  ( seconds 
per  cycle);  seconds. 

THETA  Fore-aft  inclination  of  main  rotor  shaft  from  Z-axis,  negative 
for  forward  inclination;  degrees,  autogyro  sign  convention. 

E3860P  Option  to  calculate  noise  based  on  constant  chordwise  load 
distribution,  Y  for  yes  or  N  for  no;  alphanumeric. 

OPRONO  Option  to  calculate  noise  based  on  arbitrary  chordwise  distri¬ 
bution  of  airload,  equals  Y  for  yes  or  N  for  no. 

Mote:  E3860P  and  OPRONO  must  not  be  Y  simultaneously  since  OPRONO  results 
will  be  meaningless  due  to  an  equivalencing  of  certain  variables. 

NFT  Number  of  observer  locations  at  which  noise  levels  are  to  be 
calculated,  not  greater  than  20;  integer. 

No+  _  The  parameters  ANG,  NHH,  KEY  1,  KEY  2,  and  KEY  3  are  required  only 
13860P  equals  Y,  in  which  case  OPRONO  must  equal  N, 

ANG  Azimuthal  increment  used  to  calculate  noise  with  E386RN; 

degrees,  must  satisfy  (360/ANG)  =  even  integer  number,  and 
ANG  not  less  than  0.5  degree. 

NHH  Number  of  section  load  harmonics  to  be  calculated  from  input 

pressure  harmonics,  normally  equal  to  or  less  than  MLIMDP; 
integer. 

KEY  1|  |  Options  for  intermediate  print- 

KEY  2  >  .  out  from  E386RN,  left  equal 

KEY  3j  to  zero;  integer. 

Note:  Observer  locations  are  specified  in  spherical  coordinates  (CAPRF, 
THETAF,  ALFAF)  when  E3&60P  equals  Y  and  in  rectangular  coordinates  (XFP, 
YFP,  ZFP)  when  OPRONO  equals  Y.  Origin  of  both  systems  is  the  rotor  hub. 

CAPRF  Line-of-sight  distance  from  rotor  hub  to  observer;  feet. 

THETAF  Azimuthal  location  of  observer  relative  to  rotor;  degrees, 
normal  helicopter  azimuth  convention. 

ALFAF  Elevation  angle  of  observer  relative  to  rotor  plane;  degrees, 
negative  for  observer  below  rotor  plane. 

XFP  X-axis  location  of  observer  (parallel  to  THETAF  equal  zero); 

inches  from  rotor  hub,  positive  along  THETAF  =  0.0°  and 
negative  along  THETAF  =  l80.0°  (ahead  of  helicopter). 

YFP  Y-axis  location  of  observer;  inches,  positive  along  THETAF 

=  90°. 

ZFP  Z-axis  location  of  observer;  inches,  positive  along  ALFAF 

=  90°  (thrust  axis  of  hovering  rotor). 

IBURST  Number  of  the  data  set  being  processed,  significant  only  when 
TCCP  equals  TAPE;  integer. 

Note:  The  following  parameters  are  not  required  if  the  DRUM  input  mode  is 
used. 

B0  Steady  component  of  blade  pitch  angle;  degrees. 
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B1C  First  harmonic  cosine  component  of  blade  pitch  angle;  degrees, 

defined  for  a  positive  series. 

BIS  First  harmonic  sine  component  of  blade  pitch  angle;  degrees, 

defined  for  a  ^uaioive  :  enes  . 

FO  Steady  component  of  blade  flapping  angle  (also  called  coning 

angle);  degrees,  positive  for  flapping  up. 

F1C  First  harmonic  cosine  component  of  oscillatory  flapping; 

degrees,  defined  for  a  positive  series. 

FIS  First  harmonic  sine  component  of  oscillatory  flapping; 

degrees,  defined  for  a  positive  series. 

CN(K,JN,IN)Cosine  component  of  kth  harmonic  of  differential  pressure  at 
chord  JN  and  span  IN;  pounds  per  square  inch,  defined  for 
positive  series. 

SN(K,JN,IN)Sine  component  of  kth  harmonic  of  differential  pressure;  as 
above. 

K  Order  of  harmonic  of  differential  pressure,  between  1  (steady) 

and  31  (30th  oscillatory  component);  integer. 

JN  Location  along  blade  chord  between  1  (closest  to  leading  edge) 

and  5  (closest  to  trailing  edge);  integer. 

IN  Location  along  blade  span  between  1  (closest  to  root)  and 

5  (closest  to  tip);  integer. 

During  normal  operation,  the  first  run  for  a  given  operating  condition  will 
use  aerodynamic  pressure  data  on  punched  cards .  This  is  indicated  by  plac¬ 
ing  the  word  CARD  in  the  space  allotted  to  variable  TCOP.  By  saving  the 
Fourier  coefficients  that  describe  the  chordwise  distribution  of  differen¬ 
tial  pressure,  subsequent  runs  for  the  same  flight  condition  will  require 
relatively  few  data  cards .  To  use  coefficients  from  a  previous  run,  the 
word  DRUM  is  placed  in  the  TCOP  location,  and  the  appropriate  data  are  read 
in  via  unit  14.  Figure  b9  shows  sample  data  for  the  DRUM  input  mode  where 
data  are  read  from  the  Lth  file  of  tape  "g"  (unit  lL). 

I . 5 ■ 5  Output  Data 

Figure  50  contains  a  typical  computer  output  from  rotational  noise  predic¬ 
tion  program  E676.  Values  of  differential  pressure  are  printed  every  2.5 
degrees  of  azimuth  from  0°  through  357 • 5°.  These  listing  are  read  line-by- 
line  from  left  to  right.  Fourier  coefficients  are  listed  after  the  differ¬ 
ential  pressures  with  cosine  coefficients  followed  by  sine  coefficients  for 
each  span  location  (blade  station)  and  each  noise  harmonic.  The  first  line 
of  cosine  coefficients  is  indented  3  spaces,  as  is  the  first  line  of  sine 
coefficients.  These  listings  are  read  the  same  way  as  the  differential 
pressure  listings .  Oscillatory  components  of  acoustic  pressure  are  listed 
next  for  each  observer  location,  followed  by  the  time  history  of  acoustic 
pressure  at  each  observer  location  (field  point).  These  acoustic  pressures 
are  read  line-by-line  from  left  to  right.  The  1st  value  is  the  acoustic 
pressure  at  some  arbitrary  time  t  =  0,  and  the  List  value  is  the  pressure 
at  the  time  t  =  T  (the  period  of  the  blade  passage  frequency).  The  value 
at  t  =  T  should  nearly  equal  the  value  at  t  =  0  if  the  time  interval, 

TIME,  is  equal  to  (l/blade  passage  frequency).  Rotational  noise  levels 
as  a  function  of  field  point  for  each  noise  harmonic  are  the  last  param¬ 
eters  to  be  printed  out. 
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1-5.6  Changes  to  Subroutine  BLODAT 

Subroutine  BLODAT  contains  r%aa  1  -  a 

fro.  rn  to  rm.  pro*™ 

»‘r  t  lt°**  «“*  °f  5  =P«»  stations,  snfth. 

lentil  n  Ti  aT  15  deflned  ln  bl°DAT  by  parameters  IRS(I)  and 

NCHM(I,J).  If  no  data  are  available  for  a  given  chord  or  span  location 
changes  are  required  to  IRS(I)  or  NCHAN(l,j),  or  to  both.  Since  the  trans¬ 
ducer  at  the  Lth  chord  location  of  the  1st  span  location  was  inoperative 
during  the  present  study,  NCHAM(l.L)  =  0  to  indicate  that  no  data  would  be 
input  for  that  position.  This  also  tells  the  program  to  use  an  averaged 
quadratic  integration  technique  in  all  ehordvise  integrations  at  the  1st 
span  location.  For  normal  use,  NCHAK(l.L)  should  be  changed  to  U.  The 

Uppendix'vh  f°V  th6Se  Parameters  is  Bhovn  in  the  luting  of  the  program 
ZjJLJL — RhhuiPg  Time  and  Page  Requirements 

Approximately  2.5  minutes  of  machine  time  should  be  allowed  for  each  noise 
harmonic  when  the  CARD  input  mode  is  used.  This  is  reduced  to  ap^matolv 
.  minute  per  harmonic  when  the  DRUM  input  mode  is  used.  To  be  conserva¬ 
tive,  allow  for  50  pages  of  output.  e  a 
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0  PI'M  (1676*1)441167609003000050  <633)  RAHSCII.W 

or  A  50  !■ 

or  aso  5 

or  ASO  0S03&2SY 

0  XOT  C"R 

trs 

rur  no i Sr 
prr  r„ri,n 

0  XOT  Art76 

F67o  SAMPIf  PCCK  SFT-"P  20A' 'd  IST70  TCyR  =  CAP?) 
2.06  26,()  433, A  .0131  116,0  13270,  100. 


ST AT IOH« '  t« ' 


2.5  6  0  5  20  1  CARO  N  M 


.4 

.042 
.042 
.042 
.042 
,042 
.0531 
M  Y 

538.52 

530.52 

Burst  MO. 


.75 

.158 

.150 

.158 

.158 

.158 

0.0 


•  «5 

.3 

.3 

.3 

.3 

.3 


,95 

.6 

.6 

.6 

.6 

.6 


.98 

.91 

.91 

.91 

.91 

.91 


0.  -30.  5596 .  0.  -3231. 

0,  -5.  6430.  0.  -563. 

5  7  P.OTOr  liotse  PUHC||E|,  OUTPUT  *♦» 

BI.ADF  PITCH  HARMOMfCS 
1 . 3l33t0l  1.2684*00  1,4096*00 
ROTOR  Fl.APPlIlfi  Allots  HARMONICS 
3 . 4965+  0&-9 . 20°3-0 1  0.0000  (POSITIVE  TAIL  IttCIi  —  nEOPEES) 

DIFFERENT!  Al  PRESSURE  HARMONICS  FOP  5  CHORD  STATIONS  At  EaCH  OF  THC  5  SPAMS 
< Mt AS' IP UIO  rROM  THE  L6A01MQ  EDGE  aMO  t"E  nt.A'JE  ROOT  RESPECTIVELY) . 


(COLLECTIVE,  LOuoiTUUIHaL,  LATERAL  RESPECTIVELY) 


SPAM  1  CHORP  1  STEAMY*  1.3214*00 

cosine  coFrriCTEiiis 

1.7093-01  8.6379-02-9.1522-02  5.4074-02-1.4760-02  1.37^9-02-3.2843-03  6.8900-03 

simp  coefficients 

2.5022-01  1.2173-01-7.8300-02  1,6145-02-2.9130-02  2.63,3-02-0.1456-03  1.4022-02 
SPAM  1  CIIOl’P  2  STEAPYs  5.2611-01 

COSINE  COFfFICTElirS 


6.3769-02  2.6909-02-2.6319-02  2.2534-02-1.1330-02 
SINE  COEFFICIENTS 

1.0326-01  4.1014-02-2.4542-02  7.6643-03-4.6196-03 
SPAM  1  CHOpP  3  STEAPYs  2.7584-01 

cosmr  coEEricTEiirs 

5.3880-02  2.8974-02-2.9560-02  9.6782-03-6.2573-03 
SINE  COEFFICIENTS 

7,3465-02  3.2867-02-1.2936-02  5.3314-03-6.4602-03 
SPAM  1  CMPpP  4  STEAMY*  0.0000 

cosine  corrriCTElirs 

0.0000  0.0000  0.0000  0.0000  0.0000 

SINE  COEFFICIENTS 

0.0000  0.0000  0.0000  0.0000  0.0000 

SPAN  1  CIIORP  5  STEAPYS  -5.6346-02 


2. 07q5-03-H. 5509-04  4.2238-03 
8.06q1-03  7.9350-03  7.4742-03 

3.06*3-03  1.4864-03  3.5357-03 
6.6668-03-7.8706-04  3,6909-03 

O.OOnO  0.0000  0,0000 

O.OOnO  0.0000  0.0000 


COSINE  CWTriCTEMlS 

-°. 4 21 1-0 3-4.8721-0 3  3.1423-03-3.3696-04-2.9359-05  4.4270-04-2.7112-04-9.1695-04 
SINE  COEFFICIENTS 

-8.4507-04-4.6024-03  8.6588-05-t. 6911-03  2. 1953-03-3. 28r>5-04  1.5774-04-2.6268-04 
SPAM  2  CHOpp  1  STEAPYs  3.5155*00 

COSINE  COErriC TENTS 

6.2205-01-5.0632-02  1.4693-02  3.2436-02-6.0388-02  2,5522-02-1.7416-03-5.5072-03 
SINE  COEFFICIENTS 

6.4991-01  1.7020-01  3. 8800-02  8.0040-02  3.4075-03  1,5879-02  1.3939-02-4.9721-04 
SPAN  2  CNOrP  2  STEAPYS  1,4074*00 

COSINE  COFPFIC TENTS 


Figure  48.  Sample  of  CARD  Input  Mode. 
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2. 9125-01-1. 4134-03  6.7889-03  2,  1101-02-3.0086-02  l.30a3-O2-o. 0205-03-1.6058-03 

SIMP  COfFFtclENTS 

2. <*252-01  7. 7075-112  1,6632-02  3,2862-02  1.3079-02  7.4<tt2-03  7.4750-03  5.3204-03 
SPAN  2  CMPlT)  3  STEAMS  1.1239*00 

cosine  c-AiTfrciEiirs 

1.4021-01-2. 5537-02  7,1201-04  1.2601-02-1 . 5A80-02  6.886^-03  1.0343-04  2.9360-03 
SINF  C^rPrictEMTS 

1.4063-01  3.6232-02  7.2472-03  2.2703-02-3.6062-04  7.24,3-03  3.5772-03-4.5975-04 
SPAN  2  CM9|*P  4  STEAMS  2,7872-01 

cosine  coefficients 

8.4155-02  2.6385-03-2.0558-03  9.6918-03-3.3669-03  9. 25?3-04-7. 9473-04-2. 9648-03 

suit  c^rmciENTS 

4.7117-02  2.0639-02  6.5795-03  5.4138-03  1.1244-02  4.47<*<*-03  3.3201-03-6.1514-04 
SPAN  2  CMOi-P  5  STEAM*  -1,6337-01 

rosinr  coiTricrenrs 

2.6125-02  3.8526-03-1.3509-03  3.7271-03-2.7216-03  6.27)9-04  6.4998-04-1.5116-03 
SINt  COEFFICIENTS 

-1.3585-02  4.4236-03-3.3623-03-1.4518-03  4.5007-03  2.1445-04  1.2701-03  4.2440-04 
SPAM  3  CMO|*n  1  STEAMS  4.5348  +  00 

COSINE  COErriCTEMfS 

9.1344-01  2. 4672-02-4. 5280-02-6. 1505-02-1. 5801-01  5.56o2-03  9.4039-02  1.1364-01 
SINF  COEFFICIENTS 

6.0212-01  1 . 9442-0 1  t. 7576-02-4, 8439-03  1.3575-01  7.2371-02  6.9967-02-6.1071-02 
SPAN  3  CHOpp  2  STEAMS  S.  1400-01 

cosine  coefficients 

3.1920-01  3 , 6656-02-2 , 4089-02  3.2477-02-4.0160-02  3.19o8-03  1,3408-02  9.5070-03 
SINE  COEFFICIENTS 

6.9666-02  0,5417-02  0.4914-03  1.6957-02  2. 9003-02-2. OOsO-03  3.1961-03-3.1903-03 
SPAN  3  CIIO|-n  3  STEAMS  -3.7077-01 

oosthf  corrrtcTEins 

“.4995-02  5.2003-02-2.4669-02  1.2778-02-1.2519-02  9.43f,3-04  5.9984-03-1.5021-03 
SINE  COEFFICIENTS 

-2.2669-03  6.2634-02-2.6832-03  1.3001-02  2.2155-02  4.6075-03-4.3110-03-6.0489-03 
SPAM  3  CII8|>.P  4  STEAMS  1,1764*00 

COSINE  COEFFICIENTS 

5.5060-03  1,5338-02-1.7025-02  1 . 1991,-02-3. 1227-04-1 . 0326-04  1.0075-03-8.7683-03 
SINE  COEFFICIENTS 

-3.0908-02  2.8985-02-2.4007-04  1,0648-02  6,8600-03  0.6208-04-9.1648-03-7,1324-05 
SPAM  3  ClIPl'P  5  STEAMS  2.0242-01 

COSINE  C4EFFIC TENTS 

3.1762-03  4.9851-03-2,5603-03  5.0589-03  2, 0196-03-4. 56?8-04-2. 1767-04-5.9044-03 
SINE  COEFFICIENTS 

-2.3438-02  9.5570-03  9.9387-04  3.4870-03  9.5972-04  7, OAo^-O')-*. 8262-03  9.5167-04 
SPAN  4  CIIOl’P  1  STEAM-3  9.5341*00 

COSINE  COEFFICIENTS 

-1.3684*00-8. 4312-01-1, 9837-01-2, 4799-01-1. 9390-01  7,33n8-02  4.8595-02  5.4914-03 
SINF  COEFFICIENTS 

-7,3403-01-8.1310-01  9.9605-02  2.6395-01  4.6046-02  4. 85*7-04-0. 7989-03-1. 4977-01 
SPAN  «  CNO|.n  2  STEAMS  3.0796*00 

rosinr  COEFFICIENTS 

-1 . 1079*00-3.8011-01-6.3300-02-1.2579-01-1 . 7367-01  1 .27*1-01  1 . 3918-01-4.6663-02 
SINE  COEFFICIENTS 

-3.5022-01-6.0494-01  1.0944-01  1.7018-01  1 ,4051-01-6. O5o2-02  6.5529-02-8.6124-02 
SPAM  4  CilOpD  3  STEAMS  1,7704*00 

COSINE  COEFFICIENTS 

-2. 6249-01-1. 9883-01-3. t59i-02-7. 2592-02-3. 6821-02  4.23*2-02  1.6471-02  1.0313-02 
SINE  COEFFICIENTS 

-1.9704-01-2.0230-01-4.3912-02  1.1520-01  1.1030-02  1.00?1-O2  9,7173-03-6.5188-02 
SPAM  4  CllOpn  4  STTAMs  4.3502-01 

COSINE  COEFFIC TENTS 


Figure  48.  Continued. 
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-4,8628-02-4. 7619-02-1. 2670-02-7. 7182-05-1.5597-02  l.37n5-02  I.H237-02  1.3705-03 
SINE  COEFFICIENTS 

-",6410-02-4,2627-02-2.2100-02  4. 02*0-02  1.2006-02  3. 37«7-04-7. 7343-03-1. 2327-02 
SPAN  4  Cimpn  5  STEADY*  -3.7936-01 

COSINE  CorrFICT(rHf5 

-0,4917-03-0,8317-03  0. 6144-05-9. 20«2-04  6.0998-03  9.59|2-03  2,2058-03  1.9945-03 
SINE  COEFFICIENTS 

-4.7729-02-1.7351-02  7.0737-03  1.9094-02  2.9334-03  4 .68^9-04-5. 7162-03-3. 5534-03 
SPAN  5  CMOpn  1  STEADY*  9. 8304+00 

COSINE  COEFriC TENTS 

-1.6596+00-1. 2404400-6. 6369-01-3. 8059-01- 1.1047-0 1-2. 8423-02-5. 4526-03  1.0968-02 
SINE  COEFFICIENTS 

-6.8719-01-8.1859-01-1.1903-01  8,5975-02  3.3376-02  3. 77o0-02-4. 4579-02-2. 0696-02 
SPAM  5  CMO|«n  2  STEADY*  2.5259+00 

cosine  COEFriC TENTS 

-3. 7722-01-2, 8959-01-1. 1734-01-7. 2880-02-6. 9081-02-7.72^9-03  5.1103-03  2.5126-03 
SINE  COEFFICIENTS 

-9.8361-02-2.0992-01-6.1507-02  2.7910-02  1. 4647-02-3. 3o?0-03  3.4487-03-3.0249-02 
SPAN  5  CIIOpp  J  STEADY*  1.2639+00 

COSINE  COEFFICIENTS 

-2.4124-01-2.1881-01-8.3634-02-4.0030-02-4.7826-02  1.43fi7-02  1.9826-C2  1.0908-02 
SINE  COEFFICIENTS 

-1.5178-01-1.7806-01-4.8001-02  2.7917-02  1. 3979-02-6. 2lol-03  2.4727-03-2.9592-02 
SPAM  5  CMOun  4  STEADY*  4.7708-01 

COSINE  COEFriCTENTS 

-7.9225-02-7.4821-02-2,3488-02-1.1087-02-2.3349-02  5.1036-03  6.3273-03  8.4353-03 
SINE  COEFFICIENTS 

-7.1022-02-6.8677-02-2,6652-02  7.S530-03  l.O709-03-3. 965^-03  6.1016-03-8.4271-03 
SPAM  5  CIIO|>n  5  STEADY*  1.8145-01 

COSINE  COEFriCTENTS 

-7. 0866-02-6. 3144-02-1. 4039-02-5. 5659-03-8. 1222-03  9.7li8-03  1.1004-02  7.8894-03 
SINE  COEFFICIENTS 

-7.9007-02-7.2525-02-1.2380-02  2.1958-02  3.9799-03-3.41 i 7-03-2.4317-03-5. 3973-03 
a  XQT  C"fi 

tee  C, 

TRI  0 
0  TIN 


Figure  48.  Concluded. 
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Sample  of  DRUM  Input  Mode. 
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Figure  pO .  Continued 
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Figure  50 •  Continued 
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Figure  50 .  Continued 
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Figure  50*  Continued. 
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Figure  50 .  Continued 
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Figure  50 •  Continued. 
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Figure  50-  Concluded- 


APPENDIX  II 

MEASURED  AERODYNAMIC  DATA 


Figures  51  and  52  compare  the  azimuthal  histories  of  differential  pressure 
on  a  OH-53A  main  rotor  blade  for  hover  conditions  with  and  without  RIN. 
Pressures  at  85?  span  do  not  show  rapid  fluctuations  associated  with  blade/ 
wake  interaction  RIN.  However,  pressures  at  95?  and  98?  span  do  reflect 
the  blade /wake  interactions  for  the  RIN  condition.  Traces  for  75?  and 
1*0?  span  are  not  presented  since  they  are  as  inactive  as  those  at  85? 
span. 

Measured  aerodynamic  data  are  presented  in  Tables  II  through  X.  These 
tables  contain  blade  angulator  and  differential  pressure  data  in  harmonic 
form  for  a  positive  series  (A(iji)  ■  Aq  +  A1  cos  i/>  +  sin  <ji  +  ...  +  An 

cos  ni ip  +  sin  niji).  Angulator  data  are  in  units  of  degrees  while  differ¬ 
ential  pressure  data  are  in  units  of  pounds  i  er  square  Inch.  Harmonics  of 
pressure  are  read  line-by-line  from  left  to  right  for  each  spanwise  and 
chordwise  location.  Note  that  the  pressures  for  Span  1,  Chord  1*  (.1*  span, 
.6  chord)  are  zero  because  of  an  inoperative  transducer.  Adverse  effects 
of  losing  these  data  are  negligible  for  the  present  study,  because  this 
inboard  portion  of  the  blade  does  not  control  the  acoustic  characteristics 
of  the  blade.  Table  XI  contains  trim  parameters  for  each  flight  condition. 
Shaft  inclination  is  referenced  to  vertical  and  is  defined  as  positive  for 
aft  inclination  (normal  autogyro  sign  convention). 

Differential  pressure  data  recorded  on  the  airborne  direct  system  were 
analyzed  to  determine  if  more  than  30  harmonics  were  present.  Spectrum 
averaging  with  real-time  analysis  equipment  revealed  no  more  than  30 
significant  harmonics  for  the  flight  conditions  of  the  present  study. 

Since  rotational  noise  levels  were  calculated  from  30  loading  harmonics, 
the  present  study  made  full  use  of  the  data's  potential  for  rotational 
noise  prediction. 
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Differential  31ade  Pressures  -  Hover  Without  RIN 


99%  span 


2  51 .  Continued. 


Figure  52.  Differential  Blade 


52 .  Continued 


TABLE  II.  AERODYNAMIC  DATA  -  ROVER,  NO  RIN,  030°  HEADING 


burst  no.  »  ?  noror  noise  phiiched  output 

BLADE  PITCH  HARMONICS  ,  ,  _ 

1.3153*01  1 .2*84*00  1.4006*00  SC0UECT1VE,  LONOITUI)IMal.  LATERAL  RESPECTlVELYn 
ROTOR  FLAPPING  ANCLE  HARMONICS 

3. 4063*00-0. 20<»3-01  0.0000  SPOS1TIVE  TAtL  HIGH  —  ijSORF.ESn 

DIFFERENTIAL  PRESS"P£  HARMONICS  POP  S  CHORD  STATIONS  AT  eACH  OP  THC  3  SPANS 
«MEA5"RIMO  from  THF  LEADING  EDGE  amp  the  »!LA«E  ROOT  RESi 'EcTIVELYh, 

SPAM  1  CHORD  1  STEADY*  1,3213*00 

cosine  coefficients 

1,7603-01  6.6379-02-6. 1522-02  3,4074-02-1.4760-02  1 ,373i4-02-3. 2643-03  6,6900-03 
-1.9970-03-3.4913-03  8.4930-04-1,1290-03-6.9407-03  3.9449-03-9.0343-04  4.3004-03 
4.3939-03  3.0061-04  9. 1279-03-5, 3470-03-4. AJ16-03  4.9Q4°-03  3. 4*61-03-3. 2366-03 
-1.3023-03-4.7401-03  4,2240-03-1,9447-03-?., 2745-03-9. 34n®-03 
SINE  COEFFICIENTS  .  , 

2.5622-01  1.2173-01-7.8300-02  1.6145-02-2. 9130-02  2 ,63t 3-02-8, 1456-03  1,4022-02 
4,4771-03  6.4027-03  9,3388-03  1,0633-02  5.3334-03  2.99?6-03  2,5466-03  6,0167-03 
-3.6433-03  2.3753-03-3.3707-03-4.4364-03  3.3328-03  3. 4010-03  6.V199-03  S. 5966-03 
-1.0017-02  9.9794-03-1.6761-03  1,0711-02  1.4144-03  2.0490-03 
SPAN  !  CilDR.D  2  STEADY*  5,2611-01 

COS  IMP  COEFFICIENTS  _  ,  „ 

6,3769-02  2.6989-02-2.6319-02  2,2334-02-1.1336-02  2.8795-03-6.5509-04  4,2238-03 
3,1026-03  1,9779-03  3,8844-03-1.6980-03  2 . 1639-03-3. 2.0O<,-04  3,5903-04-2.6702-03 
3,90*76-04-5.7715-03-1.1922-02  4,5250-03  6.7236-03  1.72l5-03  3.4697-03-2.3070-03 
2 . 7648-03-4 . 0455-03-4.0322-0 S-l . 3050-0 3-8 . 75*5-0 3  2.6422-02 
St ME  coefficients 

1.0326-01  9.1014-02-2.4542-02  7,6643-03-4.6196-03  8,06qI-03  7.9350-03  7.4742-03 
-3.3730-03-2.0922-03-1.5032-04  2.7277-03-1.3113-03  2.4360-03  6,6702-OS  4.3762-04 
«. 8543-04-3. 2046-03-4. 3313-03  2.1323-03  1.8519-04  l.04i9-03  2,1888-03-3.3102-03 
-4.5410-03  7.3371-03-4.1295-03-1.2611-03-5.6943-03  9.73nT-0S 
SPAM  1  CHORD  3  STEADY*  2.7564-01 

cosine  cDFcrictEiits 

3.3680-02  2.6974-02-2.9360-02  9.6762-03-6.2573-03  3.060°-03  1,4864-03  3,5357-03 
-2.6390-03-4,1112-04  3.7660-03  1,8135-03-4.6702-04  9.3440-04  8.9268-04  3.0574-04 
1,1809-03  1.0866-03-7.3116-04-8.6081-04  1,6214-03  9,3992-04-1.5457-03  3.1568-03 
2.9610-04-1.9213-03  3.3486-03-3.0306-03  4.5U5-04-3.03r,6-03 

sine  coefficients 

7.3465-02  3.2867-02-1.2936-02  5,3314-03-6,4602-03  6. 6660rO5-7, 8706-04  3,6909-03 
1,5716-03  3.2335-03  2,2136-03  2,8958-04  1,9336-03-1.3150-03-7,5293-04  7,0550-04 
-1.6301-03  1,3701-03-3.9663-03  3.8544-03  2,8686-03  2.3121-03  1,0317-03  2.3985-03 
-6.7346-04-2.8555-05  1.8868-03  1.9076-03-6,0112-04-5,0663-04 
SPAN  1  CHORD  4  STEADY*  0,0000 


SPAN  1  CHORD  4 
COStMC  COEFFICIENTS 
0.0000  0.0000 

0,0000  0.0000 

0.0000  0.0000 

0.0000  0.0000 

SINE  COEFFICIENTS 


0  =  0000 
0.0000 
0.0000 
0.0000 
SPAM  1 


0.0000 
0.0000 
0.0000 
0.0000 
CHORD  5 


0.0000 

0.0000 

0,0000 

0,000° 

0,0000 

0.0000 

0.0000 

0.0000 

0,0000 

0,000° 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.000° 

0.0000 

0.0000 

0.0000 

0.0000 

0,0000 

0,000° 

0.0000 

0,0000 

O.OOQO 

0.000° 

0.0000 

0.0000 

0.0000 

0.0000 

0,0000 

0,000° 

0.0000 

0.0000 

0.0000 

0,0000 

o.oooo 

0.000° 

0.0000 

0.0000 

0,0000 

0.0000 

0,0000 

0.000° 

SPAM  1  CHORD  5  STEADY*  -5,6346-02 

COSINE  COEFFICIENTS 

-9.4211-03-4.8721-03  3,1423-03-5.3696-04-2.9359-05  4 ,427°r04-2. 7)112-04-9, 1695-04 
2.6616-04  3.1083-04  3. 8000-04  1 .8462-04-2. 0502-04  6.7544-04  8,3109-04  5.1657-05 
7,5813-04-1.6474-04  7.6090-04-3.0417-04  2. 1672-04-1 .2764-04«4. 5281-04  8.5763-04 
-1 , 6388-05  3.2837-04-7.3904-04-4 . 1605-04-7 . 0243-04-3 .7050-04 
sine  COEFFICIENTS  _  _  „  ■ 

-6.4587-04-4,6024-03  8,6586-05-1,6911-03  2. 1963-03-3.2855-04  1,5774-04-2.6268-04 
-4.8398-04  1.0617-04-2,8801-04  9. 0521-04-2. 2690-04-3. 85?4-O5-6,9051-O4  1.5426-04 
-7.2141-05  3,9775-04  1.1860-03-7,9125-04  4.6384-05*2,3796-05-6,4754-05-1.0166-03 
-6.9057-04-4.8320-04  1,0969-04-1.3911-04  3.3338-05  2. 63*7-06 
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TABLE  JI  -  Continued 


SPAM  2  CMPpp  J  STEAM**  S,5l5r>a00 

roSIMC  COEFFICIENTS 

<..220*5-01-5.0632-02  1.4603-02  3.2436-02-6,0368-02  2.5522-02-1.7416-03-5,5072-03 
1.1860-02-5.4608-03  1.8868-02  1.7013-03-7.0031-03  8.4SO&-03  4.0738-03  6.9460-03 
-4.0411-03  4.4131-04  1,1452-03  2,6907-03  5.8267-03-4.4967-03-5.5136-04-1.7133-03 

-2.1006-03-7.3604-03  2.2492-03  4.4066-04  2.383r>-03  0.7460-03 

SINE  COEFFICIENTS 

6. "491-01  1.7020-01  3.8660-02  8.0048-02  3.4875-03  l.SO?9-02  1,3934-02-4,9721-04 

1.6311-02  2.5767-02  8.5074-03  4,2934-03  1.9989-02  9.6852-03  1.4059-02-3.3363-03 

-2.1918-03  5. 0661-03-8. 8771-05-1. 7950-04  2.1624-03  '.1886-02-8.9021-03  1.3144-02 
5.8140-03  1.3763-02  1,2142-02  6.0306-03-6.0559-03  5.843®-03 
SPAM  2  CH4|'P  2  STEAi'T#  1,4074800 

COSINE  COEFFICIENTS 

2.9125-01-1.4134-03  6.7669-03  2,1101-02-3.0086-02  1 . 38o3-02-5. 0205-03-1 .6050-03 
2.7946-03-2.0907-03  7,8461-03  4,0558-03-5. 5405-03  4,1430-03  4,0955-03  2,3070-03 

-6.9420-03-2.9400-03-1.0118-02  6.1578-03  4.772«-04-6.?487-04  2.1611-03-5.0470-03 

-1.3996-03  4.3607-04  4.5519-03-2.5978-04  3. 1004-03  2.7f>o4-03 
SIME  COEFFICIENTS 

2.4252-01  7.7975-02  1.6632-02  3.2862-02  1.3079-02  7.44t2-03  7,4750-03  5.3284-03 
5.6524-03  1.2052-02  1.4467-05  1.3790-03  1 .01 31-02-2 . 32fl4-0S-l . 9046-03  1.5630-03 
-3.8372-03-1.6881-03  6.2252-03  5. 1712-04-1 .681/-03-4 .6572-04-2.4231-03  7.6010-03 
2.5987-03  4,7418-03-7,1601-04-2.7080-03  2. 1766-03-1 ,83rt5-03 
SPAM  2  CilOl'P  3  STEAMTH  1.1239800 

cosine  corrricTdirs 

1.4021-01-2.5537-02  7.3251-04  1.2601-02-1.5888-02  6.886‘'-03  1,0343-04  2.9060-03 
3.7106-03-6.3201-04-3.2924-04  3,6240-04-3.2937-03  9.10.3^*04  3.8301-03-6.1639-04 
-3.1995-03  0.7501-04  4.1110-04  4.6413-03-1 , t9o4-03  2.5720-03-7.0616-04-2.6867-03 
1.2705-03-1.1158-03  1.6909-03-1 .7204-03-1 . 7354-03-3.65n5-03 
SIME  COEFFICIENTS 

1.4063-01  3.6232-02  7.2472-03  2,2703-02-3.6062-04  7.24i3-03  3.5772-03-4.5970-04 
1.6374-03  5.7147-03-1.3828-03  4.9614-04  1.289.  -03  1.0679-03-2.1114-03-5.3700-04 
1.2634-03-1.6645-03  1.5366-03-1.5906-03  8.5367-04  7.2630-04-3.3047-03  5.8619-03 
3.6215-03  3.6907-03  6.9162-04-1,6133-03  4.1089-04  1.5620-03 
SPAN  2  ClIMpP  4  STEAMY#  2.7872-01 

Cosine  COEFFICIENTS 

8,4155-02  2.6305-03-2.0558-03  9,6910-03-8.3669-03  9. 2523-04-7. 9473-04-2, 9648-03 
2.1314-03  7.2286-05  9.2409-04  7. 9965-04-4 . 6974-04-1 .9q«5*-04  1.5216-03-5.9636-04 
8.1233-05-1.0101-03-3.6540-04-2,8220-04  t. 5125-04  4.425&-04  8.4629-05-5.1707-04 
-6.2209-04-3.2277-04  2.1462-03-6.2797-04-1.0745-03  7.75u8-05 
SIME  COEFFICIENTS 

4. >117-02  2.0669-02  6.5745-03  5,4138-03  1.1244-02  4.4744-03  3.3201-03-6.1514-04 
-1. 4886-04  4.0916-03  6.4142-04  2.346S-03  2. 4332-03-2. 66o7-04-l. 2663-03  2.1077-04 
6.9379-04  3. 6807-04  9.3008-04-7,3644-04-1 . 0069-03-3. 6329’04  6,1305-04  t. 5469-03 
-6.7162-04  4.8457-04  9.6107-04  8,8164-04-1.4996-04  4,82t4-04 
SPAM  2  CIlOi'M  5  STEAM™  -1,6337-01 

COSINE  COEFFICIENTS 

2.6125-02  3.8526-03-1.3509-03  3,7271-03-2.7216-03  6. 271^-04  6.4998-04-1.5116-03 
1.6065-04  2.4534-04-1.1709-03  1.2073-03  8,1225-04  5.0771'-04  1.1509-04  8.8855-05 
7,6715-04  1.3301-03  1. 1530-03-4. 4466-04-5. 9209-04-9. OSS^-O'T  4.8799-06  1.4151-03 
3,8776-04  1,3138-04  1.4145-03  3,0636-04-5 . 7415-04-1 . 03oI)-04 
SIME  COEFFICIENTS 

-1.3585-02  4.4238-03-3.3623-03-1.4918-03  4.5007-03  2.1445-04  1,2701-03  4,2440-04 
3.5165-04  1.9229-0«  2.1429-04  1,0522-05  8.4828-04  1.9468-04  2,1339-05  4,8124-04 
4.7610-04  3,2276-04  3.1395-04-1.0230-03-3,4524-04  1.9437-04  1.0141-03  7.6599-04 
1.3039-04  2,5523-04-6.4601-04  3,0514-04-1 . It 34-03-1 .  166^-04 
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TABLE  II  -  Continued 


SPUN  5  Cimi’P  i  STEAMY*  4.5390*00 

cosine  c^rrrscTcnrs 

«. 1344-01  2. 4672-02-9. 5280-02-6. 1504-02-1. 5001-01  5.36o2-03  4. 4039-02  1.1364-01 
-*.8008-02-4.4187-02-1.0871-01  5.4083-03  3.5277-02  5.6363-02  3.1177-02-1.9043-02 
-3.2661-02  5.0311-03-5.9869-03  8,5206-03-5.8866-03  5. 64<»6-03-5. 7473-03  2. 2078-03 
1.2413-02  8.1592-03-1.4068-02-2,7078-02  1.3375-02-3.6504-03 
SINE  COEFFICIENTS 

6.0212-01  1.9442-01  1,7576-02-4.8439-03  1.3575-01  7,23?l-02  6.9967-02-6.1871-02 
-1 . 1948-01-1 .6037-02  1.3864-02  8,4033-02  4 .5553-02-9.920 1-03-3. 3830-02-2.5098-02 
6.4035-03  1.6180-02  2.1443-02-2.3009-03  8,4958-03  4.93ll-03  7,0763-03  3.9102-03 
6.2769-03-7.0755-03  1.4883-02-2.2117-02  4 . 3998-02-9. 30n5‘03 
SPAM  3  CHPl'P  2  STEAMY*  5,1480-01 

COSINC  CMTrtCTEMrS 

3.1920-01  3.6656-02-2.4089-02  3.2477-02-4.0168-02  3.19q8-03  1.3488-02  9.5870-03 
-1.6324-02-3.4432-03-3,2245-03  7,5349-03-2.9376-04  3.7356-03-3.6568-04-7.1000-03 
-3.0:04-04  3.2427-03-8.8079-03  5.6712-03-3.0231-03  7.6622-03-2,1359-03-1.7513-03 
6.3915-03-4.0997-03  2.4004-03-2.3917-03  1.5254-03-2.0373-03 
SINE  COEFFICIENTS 

6.9666-02  9.5417-02  9.0914-03  1.6957-02  2.9003-02-2.0050-03  3,1961-03-3.1983-03 
-7.5600-03  5.5906-03  5.1504-03  1.9627-03  1 .2282-03-9. 45'0-03-7. 3409-03-5. 3253-03 
1.0441-02-8.2811-03  8.2889-03  3.2551-03  4 . 7U3-03-2. 10n6-O3  1.0540-03  0.0500-03 
4.7956-03-1.1204-02  9.5005-03-6 . 1570-03-9. 0546-03-7. OOq9-03 
SPAM  3  CIKVP  3  STEAMY*  -3.7077-01 

cosine  cofTriciEiirs 

".4995-02  5.2003-02-2,9669-02  1.2770-02-1.2519-02  9.4363-04  5.9904-03-1,5821-03 
-1.3751-02  2.7460-03-9.6099-03  3.0029-03  2. 3433-03-7 . 1 lsT-04  5.1523-03-4,7402-03 
-1.8145-03  3.7707-03  4.0344-03  1.5360-03-2.4066-04  6. 3858-04-8. 6469-04  2,6509-03 
0.2060-03-4. 2631-03-1. 5364-03-4. 6039-04  4.0766-03-1.7130-04 
SINE  COEFFICIENTS 

-2.2669-03  6.2634-02-2.6832-03  1.3001-02  2.2155-02  4.6875-03-4.3110-03-6.0489-03 
-8.0835-04-2.6791-03  7,1113-03  6.8703-04  4.5005-03-2.0644-03-2.1633-03  2.8066-04 
0.0530-03-3.8696-03  5.4391-04  3.5017-03  2.4166-03  3.196&-03  6.6476-03  6.1629-03 
5.6723-03-2.5686-03  4.2196-04  3.3113-03-4.0813-03  4.5602-03 
SPAN  3  CilE*rll  4  STEAMY*  1.1764800 

cosine  corrric terns 

5.5060-03  1.5338-02-1. 7025-02  1.19O4-02-3.1227-04-1.0326-04  1.0875-03-0.7683-03 
-5.5866-03  3.8759-03  2.0880-03  t .0275-04-2. 5925-03-3. 2o?«-03  S. 4465-04-1. 1663-03 
4.5110-04-2.3452-04-5.0419-04  3,2957-03-3.2744-04  6.5977-04  2.6995-03  9.0911-04 
5. 0*>34-03-2. 9738-03  1.5306-03-1.2704-03  2.0007-03-8. 17rtl-04 
SINE  COEFFICIENTS 

-3.8900-02  2.8985-02-2.4007-04  1.0640-02  6.0600-03  8.6208-04-9.1648-03-7.1324-05 
2.9426-03  2,9361-03  4.7852-03-5.6196-03  1.7945-03-2.0448-04-4,2911-04  1.0654-03 
1.8981-03-1.0507-04  1.6196-03  1 ,7150-03-1 . U 10-03  2.9l4t-03  0,4937-04  2,4146-03 
8.6896-05  5,9057-04  1.2109-03  1,0767-03-2.2907-04  6.36l?--04 
SPAN  3  CMN|>n  5  STEAMY*  2.0242-01 

COSINE  CPFrriCTEIlTS 

3.1762-03  4.9051-03-2.5603-03  5.0509-03  2. 0196-03-4 ,S6?8-04-2. 1767-04-5.9044-03 
-6.3671-04  3.5209-04  3.9482-03-7.8790-04-6.0100-04-2.5325-03-0.7711-04  6.7400-04 
5.6727-04  2.5505-84  3.9795-04  6. 5134-04-8 . 1 177-04-4 .  3.0004-03-1.1070-03 

1.5512-03-1.9229-03-1,4143-03  7.6162-04-1.1564-03  l,01o?-O3 
SINE  COEFFICIENTS 

-2.3430-02  9,5578-03  9.9307-04  3.4070-03  9.5972-04  7.0044-04-6.0262-03  9.5167-04 
1.6233-03  2.9650-03  1.9*93-03-4.6311-03  1 . 4959-03-4 .46oO-Q4  1.9675-03  9.7045-04 
1.7314-03-6.6614-03  1.7845-03  8. 4 1 39-06-2. 0l 18-03  3. 104*,-O3-1.9  ,83-04  1,3417-03 
3.5526-04-2.1735-03  1,6904-03-3,0924-04  6. 3008-04-7. 0»75-O4 
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TaJLE  II  -  Continued 


SPAM  4  Cl  I'Ve  1  STEaPtb  <5.5341400 

COSINE  COEFFICIENT 

-1.3684200-8, 012-01-1. 9837-01-2. 47«g  01-1.9340-01  7.33f|8-02  4.0545-02  5.4914-03 
-6.6775-03-1.4721-01-9.0591-02-9,1341-03  1. 88(59-05  5. 05r)0-02-2, 2030-03-3. 1146-02 
-ft. 2273-02-3. 0054-02-3, B927-02  2.209A-03  1.5133-02  1 , 59/i6-02-2. 101 7-02-2. 27“H-03 
2.5020-02  4.2023-05-9.7501-03-1.3757-02  1. <3*81-02  t.02ol~02 
5 IMF  COEFFICIENTS 

-7,3405-01-8.1310-01  9.9605-02  2.6595-01  4.6046-02  4  .flSj 7-04-8,7999-03-1.4977-01 
-1.6010-01-8.3455-02-5.0402-02  7.5381-02  1 .42l5-02-0.S3n9-02-l . 0773-02-5. 3507-02 
-2.5210-02-8.2942-03  6,2344-02  5.8983-02-2.9136-02  3,ni43-02  1.8088-02 

-2.7920-02  3.3486-02-1.0842-02  3,6688-02-2.0224-03  3.04q2-02 
SPAM  4  CH0P.fl  2  STEAnV#  3,8796400 

COSTHE  COErFICTElirS 

-1,1079400-3.8811-01-6.3380-02-1,2579-01-1.7367-01  1.27fil-01  1.3918-01-4,6663-02 
o. 8304-03-5. 3028-02-9.8807-02  2,0301-02-1.3747-02  4.37o“-04  3.1276-02-2.2334-02 
-7. 8128-03-6. 2278-03-9. 8328-03-2. T2Q5-02  1. 2925-02-3. fl4j>0-03  4,8009-03  6.4983-02 
4.5560-03-1,1926-02-3.5742-02-3,5270-03  1.4664-02  3.22|>-03 
5 1  ME  COEFFICIENTS 

-3.5022-01-6.0404-01  1.0944-01  1,7018-01  1.4051-01-6.0592-02  6.5529-02-8.6124-02 
-1.45b4-01  1.5102-02-1.9686-02  2.0229-0 2  7. 3208-02-7. 00ft7-02  3.4363-02-1.2969-02 
-2.7187-02-7.3026-03  3.1731-02  2,4635-03-1.0559-02  3,6536“02  3.3/97-02-4.8035-03 
-4.1087-02  1.9825-03-8.5268-04  1.6166-02  2.3482-02  4.60|9-02 
SPAM  4  CIIOpp  3  STEAPVB  1.7704400 

CAST ME  COEFFICIENT 

-2. 6249-01-1. 9083-01-5. 1591-02-7. 2592-02-3. 6821-02  4.2362-02  1.6471-02  1.0313-02 
2.2379-02-6.7883-02-8.4710-03-1.4320-03-2.2842-02  2.0lft3-02  7.1747-03-1.3095-02 
-3. 8237-03-2. 88O0-02-1. 6426-02  2.2795-02  1.2125-02  l.76n**-02  7.2674-05-1.1140-02 
7.3705-03-1.2288-02-4.9375-03  1.8689-02  1.6197-04  1.8448-02 

5 IMF  coefficients 

-1.9704-01-2.0230-01-4.3912-02  1.1520-01  1.1838-02  1,8821-02  9,7173-03-6.5180-02 
-1.3810-02-9.9860-03-3,1193-02  4.4519-02  1.1462-02-1.0973-02  5,3716-03-2.8734-02 
-1.2843-02  1,3334-02  3.0942-03  2.9604-02  1.8697-02-2.0232-02-3. 1933-03  2.3911-03 
1.1913-03  4.1756-03  2.9021-03  1.9768-02  6. 9495-03-1 . 194®-02 
SPAM  «  ClIOpP  4  STEAPTB  4,3302-01 

CPSIHE  COEFFICIENTS 

-4.8628-02-4.7619-02-1.2670-02-7.7182-03-1.3397-02  1.37os-02  1.8237-02  1.3705-03 
-2.1839-03-3.1607-03-4.6040-03  1,9575-03-3.3055-03  1.25(>0-03  1.1314-02-5.6686-04 
1.6763-03-1.0080-02-6,8340-03  1.0183-03-2.5432-03  1.2895-02  4,7617-03-3.2997-03 
3.3472-03-1.1343-02-1.7096-03-7.6077-03  7.5587-03  7,19ol,-03 
SIMF  COEFFICIENTS 

-“.6418-02-4.2627-02-2.2100-02  4,02°0-02  1.2906-02  3, 37^7-04-7, 7343-03-1. 2327-02 
-4.5932-03-6.4330-03-6.8807-03  4,0859-03  9.2643-03-2.6250-03  3.8312-03-8.9611-03 
-5,0431-04-4.8745-03  1.0879-02  1,6004-02  1,1777-02  4. 4553-03-2, 1780-03-5.2945-03 
-2.7080-03-2.3385-03  5.C847-03  t,029fl-02  2.04J9-05  5,09?5-03 
SPAM  4  CllOpn  5  STEAPTB  -3,7936-01 

COSINE  COEFFICIENT 

-8.4917-03-8.8517-03  9.6144-05-9,2092-04  6.0990-03  9,59(2-03  2,2058-03  1.9945-03 
-8. 8767-04  3.4331-03  1,3717-03-2,5022-03-6. 7829-03-2. 6Qo7-03-3. 5518-03  1.2209-03 
-1.9448-03  4.3594-03  2.0051-04  6,1218-04-2.6776-03  4,4277-03  7.1966-03  2,0035-0? 
-5.1467-03-3.7851-04  3. 5406-03-1, 9203-03- 1,7568-0 3-4. 53&9-03 
SINE  COEFFICIENTS 

-4.7729-02-1.7351-02  7.0737-03  1,0094-02  2.9334-03  4, 68o9-04-5. 7162-03-3. 8534-03 
-1.8753-03-5.0572-06  2,6993-03  7.7569-03  3.6277-03  l,05tt9-02  5.9268-03  4,2084-03 
-2.9645-03-2.7871-03  1.2635-03-5.7055-04  5.2044-03  1 . 72 I 1-03-3 ,8385-03-1. 6438-03 
-6.6020-04-7,5529-03  8,2384-05-5.7954-03  1. 0034-03  2.0277-03 
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TABLE  II  -  Concluded 


SPAN  5  CHO|>p  X  STEAf'Y*  9,8304*00 

cosine  coErnciEiirS 

-1.6596*00-1. 2404409-6.6369-01-3. 8059-01-1. 1047-0 1-2. 6423-02-5, 4526-03  1.0466-02 
-J.  6094-05-1. 5660-02  1. 7104-02-1. 10<»3-02-2. 7075-02-9, 05l6-02-2. 1759-02-2.4752-02 
-4.1009-02-1.6956-02-1.3252-02  5  7i25-03  1,2127-02  5.64o**-02  2.6005-02  2.6624-03 
7. 80*5-03  2.4906-02-5,4414-02-1.7907-02-1.5129-02-1.0545-02 
SINE  COEFFICIENTS 

-6.6719-01-8.1859-01-1.1905-01  8.5976-02  5.5576-02  5. 77q0-02-4. 4579-02-2.0606-02 

-6.2308-05-4.8822-02-6.9061-02-6,5550-02-4.4554-02-2.0549-01-9,6746-02-5.9658-02 

-3.8119-02  1.2303-02  6,0929-02  8,1873-02  3.5251-02  l,28n2-02  1,3826-02-1,1200-02 

-2.0696-02  9,6773-03-2.6531-02  5,9306-03  9.2508-03  2.31q6-02 

SPAN  5  <IIO|>P  2  STEAf'YU  2,5259400 

cosine  coprrtciENrs 

-3. 7722-01-2. 8959-01-1. 1734-01-7. 2880-02-6. 9061-02-7, 7209-03  5.1103-03  2.5126-03 
6. 3696-03-1. 8722-02-1. 9751-02-8. 3092-03-1, 4490-02-8, 59t 7-03  1,2548-03-8.7066-03 
-2.2100-03-4.5015-03-9,9068-03  3.4556-03  8.6775-03  1.0221-02  6.5280-03  6,3t7a-03 
5.3227-03  4.2505-03-1.0978-03  2.0117-03  8.4952-04  4.47i7-04 
SINE  COEFFICIENTS 

-0.8361-02-2,0992-01-6.1547-02  2.7910-02  1.4647-02-3.3070-03  3.4487-03-3,0249-02 
-3.7474-02-2.3711-02-2.9421-02  1,3507-04-6. 1121-03-1 .42*6-02-6, 5356-04-8. 0299-03 
-1. 2949-03-1. 2461-03  1.4900-02  1.3076-02  '.9412-03  3. 94t«-03-l. 7798-03-3. 6476-03 
-7.1330-03-8.1590-04  2.2453-04  5.6537-03  8.0248-03  1.5282-02 
SPAN  5  CNOpP  3  STEAf'YS  1,2639*00 

COSINE  COEFFICIENTS 

-2. 4J24-01-2.1881-01-8. 3634-02-4. 0030-02-4.7826-02  1.4367-02  1,0826-02  1.0908-02 
0.3817-03-1.8416-02-1.7671-02  2, 6224-04-6. 0«60-03-2. 123s-03  9.0087-03-1,1013-02 
-4.5433-03-. ,1041-02-1.3626-03  4.0760-03  6.2006-03  9.0044-03  7.2772-03-1.6576-03 
2.7372-03-1.8826-03-1.4716-03  4,7916-03  4.6726-03  3.696Q-03 
SINE  CnrrriclENTS 

-1.5178-01-1.7806-01-4.8001-02  2.7917-02  1 . 3979-02-6. 21q1-03  2.4727-03-2.9592-02 
-3.4499-02-1.4772-02-1.9321-02  1.0746-02  4. 7960-03-1.034<>-02-5. 3674-03-1.  1636-02 
-i. 6140-03  5.1261-03  1.6911-02  1.0681-02-3.6546-04-1.2560-04-6.1935-04  5.0139-09 
-4.5858-03  1.8797-03  1.6431-03  8.8306-03  5.0994-03  5.46p3-03 
SPAN  5  CIIOl'P  4  STEAF'YB  4.7708-01 

CnSt HE  COEFFICIENTS 

-7.9225-02-7.4821-02-2.3488-02-1.1087-02-2.3349-02  5.1036-03  6.3273-03  8,4353-03 
5.9461-03-6.6308-03-5.9131-03  l.6228-03-2.0«53-03  8.8724-04  3.1532-03-3,8317-03 
-7.7469-04-8.4396-03  1.76x7-03  4,1118-03  4.1378-03  3.7725-03  2.0608-03-9,7410-04 
2.3043-03-1.4700-03  1.4708-03  3,4300-04  1.1362-03  1.33?9-03 
SINE  CPEFriclENTS 

-7,1022-02-6.8677-02-2.6652-02  7,5530-03  1,0709-03-3,9655-03  6,1016-03-8,4271-03 
-1 . 2929-02-4 . 3641-03-8 . 7498-0 3  7,0681-03  2 , 6996-03-2 .9661-03-2 , 0662-03-4 , 6562-03 
-3.2372-05  2.6007-03  4.9700-03  3,5243-03  1.2126-03-1.3730-03-1.7840-03  1.6072-03 
-1.3981-03-7.9569-04  3.2221-04  3. 02<»4-03-3, 5878-04  7.79i7-05 
SPAN  3  CINVP  5  STEAPYB  1,8145-01 

COSINE  coefficients 

-7.0666-02-6.5144-02-1.4039-02-5.5659-03-8.1222-03  9.7tl8-03  1.1004-02  7.8894-03 
2.4831-03  8.3311-03  8.5385-03  1.2029-03  1.5242-02-2,5991-02-8.9675-03-3.8741-03 
1.6540-03-6.4288-03-4,6925-03  3,3102-03  3.9U6-03  2.54ol-03  4,6753-05  1.2859-03 
3.4330-03  8.7009-04  1.4517-03-6,4478-04-1,2123-03  3.4983-03 
SINE  COEFFICIENTS 

-7.9007-02-7.2525-02-1.2389-02  2.1958-02  3.9799-03-3.4 1 (7-03-2 , 4317-03-5. 3973-03 
-6 . 3407-03-6. 0708-03-4. 8531-03-1 .6862-0 3- 1 . 5945-02  3 .552&-02  1 , 0049-02-1 . 6938-03 
1.6474-04  3.5160-03-6,1722-04  3,3869-03  7,0822-03  t .04 t 3-03-2. 6955-03-6. 0742-04 
-8.6310-04-0,0140-03  1.5820-03  4,6135-03  1,9016-05  4.6161-03 
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TAIjL2  III.  AEKGIi i"<Ai*ix C  DATA  -  KOvm,  ru.iv ,  illaviug 


burst  mo,  *  e  pnr«r  t^tsc  pmhcmfd  output  **t 

BLADE  DITCH  HARMONICS 

1 , 3149(01-3, 1298-01  1.5972*00  XCOLLECTIVF >  LOnO! ti.«)INa<-,  LATERAL  RESPECT  I VELTn 
ROTOR  FLAPPING  ANCLE  HARMONICS 

1 .61 86*00“  1.8674*00  0.0000  XPOSITIVC  TAIL  IIIOII  —  ijEGPEES* 

DirFERENTIAl  PRESSURE  HARMONICS  FOP  >.  CIIOpil  STATIONS  AT  EACH  OF  NIC  5  SPANS 
XMCASNRINO  FROM  THE  LEAN  INC  El'OE  AMI'  THE  IILANE  ROOT  RESPECTIVELY* . 

SPAN  1  CHO|>p  i  STEADY*  1.2647*00 

COSINE  COEFrlC TENTS 

-6.3271-02  1,5366-01-2. 3700-02  1.0142-02-6.4235-04  2.14l8-02  2.9006-03  4.3904-03 
1.7620-03  7,6723-04  2.7176-03  7. 1654-03-1 , 1713-02-7 . 1462-04-1 . 0302-02  5.7200-03 
-1.4634-03  3.7504-03  7.5091-03-1. 11B9-03  1 ,0«06-04-3. 6035-03-1 . 3170-02  3,6105-03 
-6.0449-03-4.6753-03-4.O406-03  4.3349-05-3.2237-03-6.9465-03 
SINE  COEFFICIENTS 

-6.7973-02  1.1302-01  1,6155-02  9.6*92-03  9,3590-04  2,43ol-02  6.0212-03  8.39Oi-03 
0.0690-03  3.8000-03  0,0825-03  t. 0820-02-3. 0018-03  4.7461-03  3.3214-03  2.4027-03 
31*8-03  2.3212-03  3.4229-03-3.2700-03-7.9506-04  1.3454-03-7.3544-03-9,2106-03 
-3.0386-03-3.0273-03  4.7932-03  2,8240-03  5.7599-03-4.1448-03 
SPAN  1  CIIOi’D  2  STEADY*  5.1060-01 

COSINE  COEFFICIENTS 

-2.1787-02  4,9361-02-1.3132-02  1.0606-02  6.0639-03  1.125°-02  1,5358-03-1.0683-04 
6.5109-03-1.8269-03  1.3765-04  6,9201-04-3.4552-03-2.7965-04-3.3681-03  3.0101-03 
-7.5538-04  1.9744-03-1.9263-03  1.0037-04  7.0569-03  l.89tI-03  3.9040-03-1.2772-03 
-3.8433-04-9.3977-04  2.4985-03-8.1260-03-5.8801-03  4,05l4-03 
SINE  COEFFICIENTS 

-2.3541-02  4.0190-02  8.9051-04  6.4219-04  5.7319-03  8.5890-03  4.7969-03  5.7645-03 
1.7013-03  2.9611-03  4.0187-04  2,1719-03  1,5255-03  2.08t6-03  4.6504-03  1.6018-03 
-2. 9568-03-1. 5157-03-6. 5650-03  5.8280-03  5.9581-04-2.1374-04  1,6758-03-6.8024-04 
-3,6145-03-7.1126-03-1.8618-03  3.6644-03-2.4072-03  3.2561-03 
SPAN  1  Cl IPPP  3  STEADY*  2.3034-01 

cosine  coefficients 

3.9569-05  3.4033-02-7.4390-03  9.5495-03-6.8030-03  6.79o3-03  4.2903-03-6.6721-04 
-3.4871-03  3.0704-03  5.8936-03  1.0261-02-4.4525-03  4. 2*03-Q*-l . 3115-03-4.0145-03 
-2.5574-03  5.5405-03-1.6810-0*  2.2049-03-1.8030-03  5.8978-04  3.8212-03-2.7464-03 
-3.8807-04-4.7112-04-6.3374-03-1.7289-03-4.9180-03  1.9365-03 
SINE  COEFFICIENTS 

-1,8026-02  3.4091-02  1,5406-02  2.2868-03  3.8950-03  2.9831-04  3.8640-03  2,1162-03 
6.7870-04  3.0249-03-1.3121-03  7.6481-04  2.9948-03  2.8345-04  1,9835-03-1.1111-03 
-6.2693-04-2.0618-03-1.8063-03-2.2800-04  6.2882-04  4.035^-04  1.8732-03-6,6305-03 
-1.3897-03  3.7408-03  4.0968-03  3.2987-03  3.0029-04-5.3585-04 
SPAN  1  CHORD  4  STEADY*  0,0000 

COSINE  COEFFICIENTS 


0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.000° 

0.0000 

0.0000 

o.booo 

0.0000 

0,0000 

0.0000 

0.0000 

0.000° 

0.0000 

0.0000 

o.ooOo 

0.0000 

0.0000 

0.0000 

0.0000 

0.000° 

0,0000 

0.0000 

0.0000  u.0000 

sine  Coefficients 

0.0000 

0,0000 

0.0000 

0.000° 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.000° 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.000° 

0.0000 

0,0000 

0.0000 

0.0000 

0.0000 

0,0000 

0.0000 

0.000° 

0.0000 

0.0000 

0.0000 
SPAN  1 

0.0000 
CHORD  5 

0,0000 

STEADY* 

0.0000 

-3,0049-02 

0.0000 

0.000° 

COSINE  COEFFICIENTS 

5. 9828-03-6. 4TOS-03  1.2106-03  7,2676-04  1.7298-03  4.69|6-05  3,7134-04-1,4315-04 
-*.2133-04  3.6123-04-6.9857-04-2, 1011-03  7,2182-04  8.2735-04  9.5652-04  6,9424-04 
1.7673-03-1.7699-03-8.9845-04  3.«407-04  7.1*98-04  5. 1366-04-5. 1396-04  1.5002-03 
3.6310-04  2.2840-03-2.0721-05-1.0779-04-5.6919-04-3.5682-04 
SINE  COEFFICIENTS 

-2.9976-03-2.7345-03-4.9350-03  1.5257-04  1 . 1329-03-9, 92o2-04  5,9322-0*  2.1750-0* 
7.5164-04-6.8477-0*  5.8769-04-8,4726-04-1.7529-03  1.3lo2-04-5, 4939-04  3.3300-04 
5.3858-04  1,2756-03  1.7809-03-9.1001-04  2.3246-04  7, 65a°-05-6. 3374-04  1,7986-03 
-5. 2556-05-1.4435-03-2. 0153-03-1. 6285-03-1. 05t 1-OS  2.73ul-04 
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TABLE  III  -  Continued 


SPAM  2  CMO|*P  1  STEAPY#  3,1557400 

cosine  coefficients 

-6.0432-01  6.5376-02  0.6619-02  1,2051-01-4.6912-03  6.18o<*-03  4,5970-02  1.0740-01 
6.5133-02  6. 324^-02  4,6977-02-2.2366-02-3.0634-02-2. lflj 1-02-1 , 2074-02-2.7465-02 
-1.9019-02  0. 3302-03  4.4263-02  6.416r.-02  6.1966-02  1.9755-02-3.4532-02-4.1072-02 
-1.4000-02-1. 2136-02-4. 4403-02-5. 637r>-03  4.5449-02  6.4245-02 
5 INF  FnrFFIcIENTS 

-3.1147-01  1.9749-01  1.3007-01  1.0749-01  1.0290-01  2.«4q4-02  5.2923-02  6,9503-02 
7.5040-03  0.5045-03-4. 0409-02-6. 4091-02-5. 2447-02-2. 377J,-02-l. 4771-02-2. 7523-03 
2.2699-02  6.4261-02  5.1962-02  9.9979-03-3.6232-02-7.1359-02-5,6700-02-4.0063-03 
1.1963-02  2.3019-03  2.9932-02  5.2030-02  4.6977-02-1.0361-02 
SPAN  2  CMOl'P  2  STEAPT4  1,2420*00 

COSINE  coefficients 

-2.9604-01  2.2162-02  5.4326-02  6.4796-02  5.4967-03  2.5945-03  2.1725-02  4.9006-02 
2.2770-02  1.8230-02  1.9796-02  1 .0125-03-1 .6452-02-1 . 79ftl-02-7. 0519-03-1 .901 7-02 
-9.5399-03  1.4670-02  1.1905-02  2.7229-02  1.9316-02  6. 66q4-04-1 ,4130-02-1.6700-02 
6.0949-05-1.5715-02-1.2159-02  1.4596-02  2.7591-02  2.153®-02 
SINE  COEFFICIENTS 

-1. 1105-01  9.6526-02  5.4579-02  4.0750-02  3.4060-02  1.4022-02  2.2670-02  1.6150-02 
-2. 5093-03-0. *142-05-1. 1205-02-2. 1416-02-1. 3914-02-2. 69<)9-03-6. 0317-03  6.3040-03 
9.0211-03  2.4406-02  1.0060-02-9,3201-03-2,4301-02-2. 78ol-02-2. 2659-02-3. 8032-03 
4.4773-03-2.7975-03  1,5003-02  1,6177-02  8. 1507-04-1 . 47ol-02 
SPAN  2  CIIOl’P  3  STEAPYB  1,0430600 

CnSIMC  CPEFrlC TENTS 

-1.4331-01  3.2466-03  2.6309-02  3.9561-02-9,5510-04  6.19q6-03  1.7911-02  2.4234-02 
9.3040-03  9.5470-03  1.1601-02  <*.9699-04-7. 0*05-03-2. 63?5-03  1.7075-04-6.3756-03 
-5.1051-03  7.9365-03  0.6047-03  1.5030-02  6. 1430-03-5. 105q-O3-l . 3101-02-1 .0405-02 
-5.5005-03-7.1106-04  5.1593-05  9.3756-03  1.2390-02  5.41i5-03 

sine  Coefficients 

-6.4149-02  4.6930-02  2.0450-02  1.7331-02  1,9161-02  9.0002-03  0.9644-03  4.0526-03 
-2.3109-03  3. 6140-03-9. 1007-03-1. 6390-02-4. 6924-03-6. 0459-04-3.3126-03-1. 5029-03 
5.1611-03  9.5756-03  2.3312-03-5,2159-03- 1 . 1476-02-1 ,2930-02-5.41  IE-03  1.1056-03 
4.7294-03  6.6004-03  6.3732-03  5.4411-05-1,1330-03-6.9694-03 
SPAN  2  CNOrP  4  STEANY*  2.0054-01 

COSINE  COEFFICIENTS 

-0.2005-02  2.1139-02  2.4472-02  2,5100-02  7.0439-03  3.7460-03  2.0914-03  1.2090-02 
-1,0329-03-4.9036-04  3.9086-03  3.2609-03-7.4041-03-4.4422-03  1.4615-03-1.8726-03 
-7.0024-04  6.1951-03  1.0999-03  6.0500-04-1.3104-03-4.1757-03-3.6371-03-4.8086-03 
-7.0230-04  3.2332-03  4.0347-03  1.0154-03-1.0260-03-2.0070-03 
SINE  COEFFICIENTS 

-0.6759-03  4.0215-02  1.6522-02  3.2601-03  1.6760-02-1.2167-03  9,7461-04-2.6032-03 
-3.4172-03  6.1326-03  2,8021-03-3,5061-03  5.3758-04  4. 704l*-O3-8. 7069-04  1.2780-03 
®. 0036-04-3, 3735-03-2. 3045-03-3. 22°3-03-3. 3105-03-3. 57ol-03- 1.3816-03-2. 6053-03 
3.7300-03  1.7221-03  1.0407-03-3.2553-03-1.0171-04-1.2048-03 
SPAN  2  CMOpn  5  STEAPYW  -1.7373-01 

cosine  corrrictENTS 

-2.9049-02  4.9327-03  5.1380-03  6.3509-03  2.0057-03  1 . O0O7-O3-1 . 7063-03  1.0247-03 
-2.7573-03-4.0863-03-1,4608-03  l .0106-03- 1 . 0954-03-2.3643-03-1 ,9080-03- 1 .4083-03 
-1.4003-04  5.1061-03  3.2543-03-3.2554-03-3.0671-03-3. ^‘‘-OS-l  ,9335-04-1. 3266-03 
1.3023-03  7.6369-04  3.5292-03  6.7610-04  3. 5904-04-3. 265c*-03 
SINE  COEFFICIENTS 

1.3031-02  1,1137-02  4.4920-03-1,2502-03  3.0421-03-2.5363-03-1.9006-03-3.5707-03 
-2.7431-03  1.4676-03  3. 7935-03-2. 6U2-04  6.75*4-04  2,33fil-03  9,1367-04  1.3211-03 
4. 6693-04-O. 2638-03-3. 0328-0 3-1. "80 1-0 3-7. 6793-04  7.3475-04  1,5424-03-9,1915-04 
1.4732-03  1.0880-03  t. 5391-05-2. 0337-03-2. 2257-03  6.17?8-04 
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FAiiLii  ill  -  Continued 


SPAM  3  CH'W  1 

cpsimc  corrrtc»enTS 
-o, 1500-01-2.0433-01 
-1,36*1-01-1.2202-01 
1,14732-01  1.1030-01 
-7. 3130-02-1. 7324-02* 
SIMP  COEFFICIENTS 
-0.1974-01  1.83*5-01 
7.6133-02  3.21*7-01 
5,6776-02-4.1*02-02* 
4.6637-02-2.3005-02* 
SPAN  3  CIIOl’P  2 

cosine  coprrictetirs 

-3.2*30-01  1.6307-02 
-3.93*2-02-2.1727-02 
3,060*-02  2.4022-02 
6.9332-03  4.7004-03* 
SIMP  COFFFIclENTS 
-6.4595-02  1,4279-01 
0.3791-03  6.1863-02 
1.4394-02-1.7543-02* 
4. 2922-02-5. 2201-03* 
SPAN  3  CMO|*n  3 
COSINE  COEFFICIENTS 
-1.0762-01-1.0570-03 
-2.4523-02-7.1025-03 
1,0007-02  7,0309-03 
1.00*6-02-5.7974-04- 
SIHP  COEFFICIENTS 
-3.5829-03  1,2166-01 
6.2232-03  3.5473-02 
6.6031-03-4.0234-03* 
1.5099-02-2.0720-03* 
SPAM  3  Cilnl’P  4 
COSINE  COEFFICIENTS 
-1,5770-02  6.4406-03* 
-1.5199-02-6.436O-03 
-1 .1700-04-2, 6866-n3 
0.0594-03  3.7607-03* 
SIMP  COEFFICIENTS 
3.5305-C2  3.9641-02 
-5,0960-03  2,9377-03* 
2.0892-03-1.7047-03* 
4.0626-03-6.5609-03 
SPAM  3  CMO|'P  5 
CPSIMP  COEFFICIENTS 
-0.4304-03  6.6213-03- 
-5.9951-03  4.7301-0* 
0,7535-03-3. 4205-03- 
2.0663-03  4.9170-03 
SIMP  COEFFICIENTS 
1.9170-02  1.0140-02- 
-1.0512-02-7,3133-03- 
-1.2035-04  1.4430-03- 
-2.0920-03-3.2703-03 


STEAM#  4,1901600 

3.4551-01  4, 6275-01-1. 3142-02-3. 595“-01-l, 2590-01  1.0159-01 
1.3011-01  1. 4193-01-9,6021-03-3. 977i*-03  7.2505-02  9.4394-02 
8.3376-03  3.6976-02  1,0601-01  2. 27ft0-02-t. 0647-01-1. 6016-01 
•2.0302-02-0.2004-02-1.2302-01-6.7092-02 

3 .2030-0 1-1.5886-0 1-3, *186-0 l-l ,66 t ^“01  5.4953-02  3.1822-02 
2.4369-01  8,3325-03-1.4919-02  6.7171* -02  7,2360-02  6.9527-02 
•3.6621-03  3.5582-02-4. 1511-02-1. 6604-01-1.4265-01-4. 7483-02 
•7 .1394-02-7.2688-02-6 . 1093-03  6 . 9302-02 
STEAM «  3,6573-01 

6.9203-02  3, 8051-02-3, 0686-02-6. 9092-02-1. 7750-02  2.5484-02 
3.2016-02  4.3413-02  7,7074-03  1,5600-02  1.9280-02  1.4556-02 
8.7400-03  1.7367-02  2,7609-02-1.1265-02-4.3245-02-3.2657-02 
1 .0704-02-3.5080-02-1 .0150-02-1 .4037-02 

1.1303-01  6.1514-03-3.4080-02-1.9948-02-7.7462-03-1,3139-02 
3.5430-02  1.1610-02  5.0686-03  1.3120-03-1.0488-03  2.1381-02 
2.4562-02  3.0018-03-1.6036-02-3.28(3-02-1.2521-02  3.4030-02 
5.0301-03  3.4666-03  1.0177-02  2.31?t*-02 
STEAM#  -4,9018-01 

8.9802-03  7,2332-03-l,5093-02-4.65r>6-02-2.3168-02  6.1793-03 
2.3327-02  2.7953-0 2  5.5130-03  9.3457-03  1.1379-02  1.0016-02 
1.0577-03  7.4527-03  1.5331-02-1 .31 37-02**2. 7436-02-1. 3626-02 
2. 1701-02-2. 1275-02-3.2249-04-1. 0632-03 

9.2377-02  6.7222-04-7. 96*2-0  3- 1 . 663,3-02-9 . 0665-03-2 . 0620-02 
1.7709-02  2.6031-03  5.1917-03  6. Oos*-04-7. 3531-03  2. 5527-03 
•3.8469-03  6. 7292-05-1. 7609-02-1. 65q2-02-6. 5461-04  3.1935-02 
0.1479-04  1.8574-02  2.0775-02  I.30i4-O2 
STEAM#  0,5786-01 

■1.5240-02-1,4446-02-2.0034-03-3.4121-03-7.6607-03-3.7357-03 
6.8966-03  1. 4039-02  3.2005-03  5,77q7-03  1,7411-03-2.2001-03 
8,2266-04  3.1050-03  4. 9670-04-5.  16;>l-O3-0.  *129-03-1 .4547-03 
■6.5370-03  6,3317-04  1.0913-02  5.6450-Q3 

2,4012-02  1,4649-03  1.55Q4-02  6.82)1-03-2,0931-03-1.4748-02 
•1.1369-03  6,4843-04  8.4922-03  4. 7050-03-3. 6292-03-3. 5098-04 
•4.0315-03-4.6179-03-6.0*30-03  6.49s0«04  0,7485-03  1.7217-02 
3.5113-04  1.1703-02  7.1326-03  2.10a9-03 
STEAMr#  7.6976-02 

■3,9602-03-1,6223-03  7.5222-03  1.1208-04-0.4720-03-6.3608-03 
4.9368-03  7,7317-03  2,9744-04  9.6210-04  3.3901-04-1.7625-03 
■1.0426-03-0.2563-04-4.0519-03-4.1627-03-2.0371-03  3.1503-03 
1.3242-03  4.1463-03  4.0406-03  l. 5131-03 

■6,7500-03-2.0332-03  1,4432-02  1. 3899-02  3.7452-03-7.4457-03 
•5.6339-03  3.0177-04  7,4695-03  7.4360-04-2,0715-03-2.1269-03 
-1.5211-03-5,5326-03  3.7338-04  4,16a‘*-03  2.7179-03  5.0906-03 
1.9913-03  4.2878-03  4.4103-03  9. 798^-04 
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TABLE  III  -  Continued 


Sr  am  s  csi-i-r-  ;  STEAf'^s 

cosine  coefficients 

ft. 3673-01-3. 8406-01  2, 6990-01  2. <5069-01  2.l3l7-0l  3.1326-01  7,7373-03  4. 4229-02 
-3. 1146-01-2. 7154-01-1. 94oft-0l-l.26S5-02-l, 5934-01-9. 711(2-03  7.0245-02-3,3795-02 
-3. 550fl-02-4. 5375-02-1. 5153-01  9.4666-02  1.2963-01-4.5549-02-1.2703-01  3.6806-02 
2.0196-01  4.0721-02-1.3165-01-2.2553-02  1.4025-02-1.4441-01 
5 INC  COEFFICIENTS 

1.5190000-6.3040-01  3. 0420-01  3.309B-01  3, 1304-01-1.6039-01-2, 5070-01-1. 7232-01 
-1.4183-01  1.0814-01  2.1319-01  4,3032-02  1.1570-01  1 .«044-Ol-6, 0463-02-5. 1772-02 
-3.9410-02-1.1371-01  3.4024-02  1,9790-01-4. 0614-02-1.2979-01-2. 1229-02  1,6036-01 
-5.3972-03-2.5519-01-7.4333-02  2.0436-02-1. 1106-01-2. 65?#-02 
SPAN  4  CIKVP  2  STEAM*  3.3409600 

cosine  cPrrricTEiirs 

4.1240-01-7,0399-02  1.3347-01  1.1755-01  4.9630-02  9. 2946-02-6. 6618-02-1. 0911-01 
-1.9699-01-1.9341-01-1.4735-01-0.2476-02-1. 1434-01-2. 90o8-02-2. 6874-02-6. 2518-02 
-3.1130-03-7.4801-03-3.9361-02  3. 4450-02  3. 9089-02-1. 24t9-02-r>. 2035-02-1, 9472-03 
7.4643-02  1.7616-02-4.0100-02-7.9780-03-3.2430-02-4.1840-02 
SINE  COEFFICIENTS 

4.4801-01-1.3411-01  1.9004-01  1,5209-01  1. 2661-01-1. 04()2-01-6. 1205-02-2.9415-02 
-2.0833-02  3.4343-02  1.0503-01  6.4616-02  9,i5l3-02  l.OliQ-01  8.9375-03  4.2362-02 
4.1312-02-0.0014-02  1.3396-02  3. 6330-02-5. 5046-02-7. 35<)8-02-2. 4302-02  3.9901-02 
-2.2227-02-1,0804-01-4.4679-02-2.3170-02-7.0282-02  1.78«2-02 
SPAN  4  CllOfip  3  STEAPVM  1,7318600 

cosine  coefficients 

1.4047-01-9.1700-02  2.3284-02  1.7300-02  3.4U6-02  5. 1952-02-6. 5635-03-1, 0263-02 
-3 • 5964-02-4 .7269-02-2 . 8404-02  8,7838-03-1.7982-02  1.84ft3-02  7.1904-03-1.6800-02 
2.1212-02  1 , 4334-02-4 • 7444-02-7 , 3709-0  3  1.5218-02-1,0153-03-1.5812-02  1.5092-02 
3.7003-02-1.3299-02-1.9411-02  1. 7071-02-8. 0007-03-9. 31ft5-03 
SINE  COEFFICIENTS 

2.6433-01-0.0301-02  1.0989-01  0,1972-02  3. 9606-02-4, O4o3-02-7. 1185-03-5.4125-03 
-0. 3001-03  1.0727-02  7.4339-02  3.5909-02  2.5920-02  1.92i7-02-l. 0772-02  1.6227-02 
1.5202-03-3.2643-02-1.9734-02  1.4085-02-1 .5579-02-1.4829-02  2.5026-03  1.4977-02 
-2.4330-02-2.2850-02  2.32O8-02  ft. 2909-03-5. 1308-03  2.09(4-02 
SPAM  4  CH<W  4  StEAf'YB  3  34-01 

COSINE  coefficients 

2.8826-02-2,9908-02-9.9324-03-9.0260-03  2.2682-02  1,5260-02  1,0494-04  1.0579-02 
-3.3990-03-9,6701-03-8.3166-03  8,2451-03  8.3519-03  1.0573-02-3.5718-03-1.3969-02 

0.8721-03  2.2071-02-1.1175-02-8.7916-03  1.4946-02  3. 32o7-03-l. 7528-02  4.1396-03 

1.7790-02-6.4746-03-1.8366-02  1,6030-03-1.0886-03-3,4343-03 
SINE  COEFFICIENTS 

6,2309-02-2.4141-02  1.4T7O-02  1,5771-02-3,5224.03-1.1022-02  3.5523-03-4.4959-04 
-3.3445-03  4.3547-03  2.8900-02  2,5847-02  1.5306-02  8.3821-03  4.7898-03  1.9686-02 
1.8880-02-3.0030-03  3.7769-03  9.4800-03  2, 245«-03-6,36a0-03-4, 7796-03  7.1699-03 
-1.6620-03-1.2701-02-6.5135-03  2,7905-03-6.6780-03  4,04t0-04 
SPAN  4  CNOpp  5  STEAMM  -4.1377-01 

cosine  coefficients 

1.2440-02-1.2577-02-2.6790-03-7.6369-03  ;>.6«38-03-4 .6745-03  2.9262-03  2.2626-04 
1.6403-03  2.3250-03-3.1709-04-6.4062-04  9,8404-03  6.1708-03-9,9783-03  4,2872-03 

0.0766-03  6.1260-03-2.9670-03  3.4037-.,l  1.0«80-02  1.4237-03-9,6147-03  2.7417-03 

2. 6310-03-5. 4443-03-2. 2378-03-4. 496e* 03-1, 3301-02  2.4562-03 
SINE  COEFFICIENTS 

2.8873-02-1.4423-02-8.3499-03  1.7i''8-02-l. 6359-03-2. 35ft0-03  1.1205-02  7.3783-03 
3.8976-03-4.5946-03  3.7636-03  4.W6-03  l(  1449-03*7. 9393-03  7.0904-03  7,7025-03 
1.1927-03  3.8851-03  6.3B06-03  6. *'487-03  4. 0538-03-3. 74o8-04-8. 2301-03  1.4612-03 
“.0379-04  1.0594-04-5. 3641-03  2,1603-03  2.6551-03  3.7ftil-03 


TABLE  III  -  Concluded 


VAN  5  ClKVn  1 

cosine  coefficients 

8.1270-01-3.5370-01 

-2.7319-01-3.6220-01- 

-1.9074-02-3.9253-03- 

2,0452-01  3.5410-02- 
SINE  COEFFICIENTS 
6.6957-01-6.3023-01 
-2.3129-01-3.9932-02 
-3.0270-02-0.6900-02- 
1.2571-01-1. 2908-01 
SPAN  5  CllO|>n  2 
COSINE  COErflCTENTS 
1.5605-0 1-7. 3870-02 
-7,9790-02-6. 6997-02- 
-7 , 9896-03-9 . 2538-03- 
5.1925-02-1.0871-02- 
SINE  COfFFlclCNTS 
1.2599-01-1.2698-01 
-1,8366-02  2.5667-02 
9.3175-03-2.7577-02- 
-2.5129-03-9.6709-02 
SPAN  5  CII0|>n  3 

cosine  coefficients 
7.3966-02-7.0379-02 
-9 . 8299-02-9 . 9529-02- 
-5.2619-03  3.8798-03- 
3,9202-02-2.3799-02* 
SINE  COEFFICIENTS 
1.5251-01-1.2009-01 
-2.5132-02  6.8652-03 
1.5737-02-1.8055-02 
-2.6480-02-9.2296-02 
SPAN  5  CllO|,p  h 
COSINE  COEFFICIENTS 
1.4621-02-2.4629-02 
-1.0202-02-5. 5399-03- 
-3.5791-03  9.1703-03- 
8.9510-03-7. 9209-0 3- 
SINE  COEFFICIENTS 
6.8*91-02-9,9530-02 
-5.0025-03  2,5969-03 
9.9152-03-9.1177-03 

;i:H75*-°2-i, 9095-02 
SPAN  3  CltOi’p  3 
COSINE  COEPFr"\'NTS 
5,2931-02-., -1-02 
6 .2955-03-*  7-03, 

3.0837-03  3.  ^-*7-03- 
,}-3096-02  1.2941-02- 
SINE  CoFFEtciENTS 
6.5530-02-5.3066-02 
‘  23?2"02'2  •  0038-02- 

-7 , 7335-03-1 . 3028-02' 


STEAPTH  1.0140A01 

2,4003-01  2.5036-01-3, t«92-02  2.445Z* 
■2.8402-01  1.2658-01-6.0639-02  4,44?0- 
1. 5175-01-3.9921-0 3-1. 7202-02-2, 05o«- 
•8.7708-02  1. 1638-0  1  3, 5198-02-1. 58i*»- 

6.2842-01-2.7872-01  1.3366-01-3.4347- 
2.9022-01  8.9567-02  6.7052-02  2.5l|6- 
3,8876-02  6. 2461-02-5. 7976-02-6. 66n0- 
2,9635-02  5.0079-02-1.8889-01  6.0941- 
STEAPYH  2.5385*00 

9.9888-02  6.8289-02  1.5992-02  ?.00l‘*- 
3.9931-02  1,3275-02-3.7381-02  2.624*- 
3 . 4262-02  5.1022-03-3.0950-03-1.028*- 
2.7557-02  2. 9741-02-8. 9474-03-1. 22^6- 

1.2680-01-1.7043-02  3,6776-02-7.654*- 
7,8913-02  1.2459-02  3,o5o7-02  3,?347- 
6.9273-05  1.3829-02-9.6055-03-2. 113‘- 
1.3584-02-2.1486-04-9 . 1262-02  2 . 19t*- 
STEAPY#  1.2635*00 

6.3303-02  9,6185-02  2,9770-02  6.7845* 
■2.8239-02  3,7700-03-3,8129-02  9.73o5- 
•2,5313-02  1.2501-02  1.2101-02  3.27b6* 
■2.6667-02  1,7965-02- 1,0135-02-5. 36ft5. 

0.7390-02  2.8835-02  3.7487-02-9.5329* 
9. 3290-02  9.0766-09  1.3471-02  2.035*- 
1 . 3480-02  2, 1090-02-6 . 1 7 18-03-1 , 3 10s- 
1.4142-02  3,93*6-03-2.1985-02  2.255*- 
STEAPYK  3, *709-01 

2.1900-02  1.1867-02  8,7505-03  3,076^- 
•5 . 0 127-0 5-7 . 30 16-05- 1 . 55 1 4-02  2 . 9 29®- 
>5.2615-03  6,9210-03  5.7129-03  2.17o** 
>9 .4787-03  4.5003-03-1.6163-03-1. 088*- 

2.6234-02  l. 76U-02  1.4285-02-1.1065- 
1.1709-02-3.7950-03  2.3204-03  9,38»3. 
9.6128-03  8,2800-03-2.25  32-0  3-3.6  395- 
9.5181-03  2.9990-03-3.2509-03  7.5oqO- 
STEADY*  8.5379-02 

7.1916-03-6. 1708-03-9,9801-03  1 ,69a0- 
■2.126  7-02-1,2361-02- 1 , 3046-02- 1 . 82j4. 
■t. 4226-02  9.2858-03  3.2564-03-1 .847*- 
•3.2921-05-9.5100-03-1.5936-03-1,2265. 

3.7374-03  4.3291-03-2.6133-03-7,7641- 
•3,4267-03-5,8830-03-1.9541-02  S.05?4- 
5,5116-93  1.6024-02  5 . 3339-03-9. 99jl- 
•9.8796-03  1.0012-02  7.0186-03  7.69j9< 


01-4.5342-01-4.9937-0? 
■02-6 . 0249-02- 1 .0252-0 1 
02-2,3080-01-1.4872-01 
■01 

01-1.7288-01-1.2556-01 
03-1.9218-01  2,6627-02 
02-A. 766 4-02  2.6996-01 
03 


02-4 . *606-02-2 » 1748-02 
02  3.9248-03-3.0443-02 
02-3 . 8 107-02-9 .4768-03 
02 

02-5.1485-02-2.7991-02 
02-2,5666-02  2,9658-03 
02-9.3092-03  5,8727-02 
02 


02- l . 3275-03-7,871 1-04 
05-6,1173-05-3,0978-02 
03-2.1399-02  1.07*4-02 
03 

02-3.4307-02-3.2549-02 
02-1.9328-02  5.9568-03 
02-4.0518-03  1.8661-02 
■02 


02  1.0375-02  3.0434-03 
03  2,4012-03-1.1622-02 
03-2,0291-03  7,1668-03 
03 

02- 1 . 2902-02-9 .9176-03 
03-5,5016-03  2.5214-03 
03-9 . 3014-03-5 . 1822-03 
03 


•02  9.7270-03  1,3731-02 
•02-2 . 3J70-04-2 . 1 166-03 
•03-2.4293-03  2.3579-03 
•02 

■03-1,1234-02-1,2236-02 
■02  1,6466-03  2.8462-03 
•04-8,6674-03-6.4790-03 
■03 
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TABLE  IV.  AERODYNAMIC  DATA  -  HOVER,  RIN,  270°  HEADING 


BURST  MO,  #  0  «»♦  ROTO'’  IIOtSE  PNMCllFo  OUTPUT 

BI.AOE  PITCH  HARMONICS 

1,5162401-1.7033-03  4.  1504-01  *r«' PECTlvr.  L/ufcl'AI.  RESPECTIVELY!! 

R.'mOk  M_A**fIHO  AtlOl.F  IIAPHOMICS 

1.7319400-1.3847400  0.0000  UPOSITIVE  TAIL  HIGH  —  (JecPCESu 
OIFFEHEHTIAI  PRESS'  •PE  HARMONICS  FOP  A  CHORD  STATIONS  AT  Each  of  me  5  spans 

«MrA5MPiN«  rnoM  rue  leaping  ecgc  Aim  tic  iilaue  root  respEctivei-yu, 

SPAN  1  CHOl’P  1  STEAMY#  1.33OU00 

cpsihf  coefficients 

1.6842-01  1.7908-01-3.3315-02  2.8173-02  2.3A28-03  1.3747-02-3,2480-03  t. 2006-02 
-6.9201-04  1.3176-02  2.1840-03  1.2291-02-6.2994-03-2.2842-03  5,5529-03-6.8462-03 
-8. 423A-04-3. 0420-03-4. 3405-03  5.0663-03  6.3461-06  1.2069-04  5.9635-03  4.1914-03 
7.0438-04  4.7696-03-1.8723-03-1.3809-03  1.0794-02-3.1627-03 
SINE  COEFFICIENTS 

-1.0774-01  1.2533-01  2.5883-02  3,0283-02  1.U03-03  3.35o0-03  2,0545-03-1,6305-02 
-3.2701-03-4.1357-03-3,3415-04  1.0375-02  1,1655-03  1.3834-03-2.5365-03  1,2223-03 
0.9692-04  1.3464-03  2.7204-03-5,3835-03  2,8116-03-2.1243-03  5.4538-03  4.6632-03 
-4.7221-83-1.7358-02-4.1309-03-1,4680-02-1.1529-02-1.0957-02 
SPAN  1  CHO|«r  2  STEAMY*  5.2963-01 

COSINE  COEFFICIENTS 

6.5183-02  6.2497-02-1.0866-02  1,5569-02  3.7416-03  1.28o3-02  2,8519-03  4, 7005-03 
4.9648-03  3.8806-03  2.5518-03  3,1892-03-2.3467-03  5,<58jl-03  2,9942-03  7.0651-03 
“.7411-03  3-1261-03  1,1215-02-4,7935-03  3.16*9-03-1,7230-05  3.6137-03  2.9904-03 
6.2260-04  3.5744-03  3.1856-04  4.4807-03  6 .8716-03-1 . 33n2“03 
SINF  COEFFICIENTS 

-4.1635-02  4.5124-02  1.1334-05  5.1235-03  6.9334-03  6.3343-03  6.3573-03-4.0175-03 
6.6418-03-4.2926-03-4.9978-04  1.5605-03  3.1924-03  3.4042-03  1.2453-04-2.1022-03 
-1.0270-04-2. 4990-03-8. 0563-03-7, 2549-04-3. 0805-03  3.7302-03-6,5514-03  5.9456-04 
-5.7738-03  3.9550-04  1.6530-03-7,9366-04  9.7936-05  8.63o8-03 
SPAM  1  Cl I0|*P  3  STEAMY*  2.8376-01 

C8STNC  coefficients 

3.3210-02  5.0086-02-9.3304-03  7.7756-03-5.4065-03  6. 7O4s-03-l .4983-03  1.0917-04 
1.2784-03  3.8428-03-2.0919-04  6.5764-03  1.7223-03  1.53q5-03  3,4672-03  2.6321-03 
6.6373-04-3.1118-03  2.6301-03  1.0344-03  2.3464-03  1.6Q2®-03  3.9973-03  1.1912-03 
-4. 3748-03-5. 4227-04-2. 1922-0 3-1. 2280-03-1. 9227-04-3. 34J6-03 
SINE  coefficients 

-3.0616-02  2.0031-02  1.2804-02-1,0958-04-3.7763-03  2.9O7<>-03  3,8278-04-5,2959-03 
-2. 4780-04-2. 7343-03-6. 6859-04-6. 3080-03  4.6086-03-2.6047-03  1.1879-05-1.8410-03 
2.0149-04-1.5701-03  4.4580-03-3.0795-03-4.5819-03-3.5675-04  1,1841-03  1,4500-03 
-1,3638-03  6.2292-04-1.5123-03-7.1171-04-2.2079-03  1.0266-03 


SPAN  1 

CIIOpp  4 

STEAMY* 

0.0000 

COSINE  COEFFICIENTS 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.000° 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.000° 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0O00 

0.000® 

0.0000 

0,0000 

0.0000 

0.0000 

0.0000 

0,0000 

0.0000 

o.ooo0 

SINE  COEFFICIENTS 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.000° 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0,0000 

0.0000 

0.000° 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.000° 

0,0000 

0,0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0O00 

0,000° 

SPAN  1 

Cliopp  5 

steamy# 

-2,7157-02 

COSINE  COEFFICIENTS 

1.6794-03-6.2034-03  2.4910-03-5,7309-04  1.6969-03  2.1634-04  7.1328-04  9.U38-04 
3.8050-04-6.3405-04  4.1807-05-1,2326-03-6.2899-04  1.1293-04  4.9706-04  4.7237-04 
1.9600-03  1.4907-03-5.7762-04  7.3349-05-2,2365-04  2 . 3623-04-2. 39“5-04-l .8601-06 
1.5844-03  8.2817-04  8,3523-04  1.3409-03-1.7006-04-4.3220-04 
SINF  COEFFICIENTS 

1.9348-03-2,3507-03-1.2961-03-2.5200-04  1.6961-03  3. 4589-04-1 . 1352-04  1.8030-03 
0.4060-04  3,4002-0“  3. 9703-04  l ,4278-03-1 . 1958-03-2. 1222-04-2.2918-04  5,0728-04 
2.6442-04-4.2189-04-9.2546-04  3.4865-04-4.3003-04  l.267e-03  2.2019-04  1,0739-00 
-7. “604-04-8. 8730-04-6. 9859-06-3. 4260-04- 1.0216-03-1  .663°-03 
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TABLE  IV  -  Cr.ntiiiuod 


SPAN  2  CMPl’P  1  STEAM#  5,2561800 

CPSIriL  COEFfICTE'IIS 

-2  6195-02  a. 0566-02  3.8665-02  5. 6249-02-7. 8726-02-!..20o2-02-l, 2332-02-1, 6883-02 
2.2636-OS  2,3052-03  9.7369-06  6,2153-05-5.  697-03  2,6390-03  1.6362-02  3,3699-06 
8,1323-03  1,7636-03  1 ,8751-03-6,6663-03-7.6866-03-6,  486*1-03-5.  7316-03-5,9995-03 
-2 . 5590-03-6.7605-05-5.2191-03- 1.6797-02-2 . 1 5i 7-02-1.1620-02 
SINF  COEFFICIENTS 

-6.3650-01  1.7086-01  9,2656-02  1.0153-01  2 . 1776-02-3, 27t>2-03-3. 7621-03  1,7851-02 
-1.1219-03  1.3736-02  7.3057-03  2.6165-03-7. 1798-03-6. 46()9-03-5. 0405-04-1 .2563-06 
-1.1970-02-2, 2701-02-9. 1097-0 3-9, 2838-03  1 . 79()0-0 3-3.  72J5-03-3. 3269-03-5,6776-03 
-1 . 3751-02-1 . 1019-02-8,6526-03-1 . 1 350-02- 1 . 0347-02  1 . 95n&-03 
SPAM  2  CH0|>0  2  STEAM*#  1.26«3a00 

cosine  coFrrKTEtirs 

-6.8758-02  3, 6287-02  2.2805-02  2.6289-02-2.6623-02-6, Bl?4-03-4. 0368-03  2,3721-03 
-2.9188-03  8.2303-03  3.6610-06  1.6508-03-1.8291-06  l.O6()5-03  3,9079-03-6.1768-03 
-8.2847-03-5.7993-03-7.1008-03  6,0863-03  5.0007-04  4.1040-03  2.5819-03  3.0918-04 
1.9839-03  a. 2255-03-4, 1933-03-2, 8798-03-7. 9674-03-2. 92n',-03 
SJMF  COfFFIciENTS 

-2.7179-01  6.9954-02  4.1479-02  4,1469-02  2. 2001-02-4. 45<?7-03  2.1074-03  1.0134-02 
2.3286-03  5.1213-03  1. 1271-04-4.4107-03-1 . 1 333-03-5.63*4-03-1 .5437-03-5. 9i6l-03 
3.1332-03-1.0027-02-3.5750-03-2,0628-03  1.44i6-03-l. 32*2-03  2,7653-03  4.9270-03 
-7,6357-03-5,6498-03-2.0884-03  6,9701-04  3. 2025-03-1. 93j>7-03 
SPAM  2  Clinpp  3  STEAMY#  1.0478800 

cosine  coFrrtCTeiirs 

-2.0367-02  1.1062-02  1,9063-02  1,5497-02-1.8905-02-1.9825-03-5.8708-03-6,9556-03 
3.3738-03  4,6633-03-8.6791-04-1.0168-03  3.9069-06  2.39?6-03  1.8303-03-2.8230-03 
-4.3755-03-3.5636-03  1.8212-0S-S, 4817-04  7. 1949-04-4. 0 l4s-04  2.5551-03-7.4207-06 
-1.3055-03  1.03<*1-03-3.3311-03  8.3712-04-6.3477-04  4.6841-04 
SJMF  COFFFICIENTS 

-1.2919-01  3.1023-02  2.0659-02  2.6308-02  8.2394-03-7.6041-03-1.0229-03  3,6919-03 
1.2307-03  8.9076-04-3.4287-03-2.8222-03  7.0934-04-4 ,4967-03-5, 5940-03-3, 5981-03 
-4.6273-03-2.1272-03-3.5937-03  2.8430-03  5.6018-04-1 .000q-04  1.0749-03  1.3241-03 
2.0789-03-2.6046-03  1.4323-04  1.0453-03-2.0407-03-4.3347^03 
SPAM  2  CMO|*n  4  STEAMY#  2.2396-01 

COSINE  COEFFICIENTS 

-3.4617-02  9.7481-03  3.6468-03  1.1163-02-2.9207-03-5.1560-03-4.1690-03  6.9074-04 
-3, 3803-03-9. 1202-04-2. 1850-0 3-1. 2833-03-5. 1229-04-5. 48t9-04-9. 4343-04-2. 0412-03 
-3,7180-03-3,3778-03-2.5391-03  1,1165-03  4.2077-05-1,0721-03  6.7509-04-8.4610-04 
-1,9912-03-3.4545-03-1.4642-04  5. 8660-04  2,7592-03  3.13<i6-03 
SIMF  CPFFEtcIENTS 

-6.0153-02  2.4012-02  8.9261-03  1,4478-02  1.4226-02  7,0629-04  1,9482-03  5,1061-03 
7.2583-04-3.6246-04-1.3369-04  4.2040-04  1.6956-03  1 ,24a7-03-l. 2699-03  7.6353-04 
-3,6030-04-4.9988-04  1.2949-03  8.6286-04-1.4042-03-1.0072-03-5.9902-04  2,4425-03 
1.3756-03  2.9639-03  1.7051-03  4.1654-03  2.3288-03-3.2252-03 
SPAN  2  CMO|>n  5  STEAMY#  -1,6116-01 

COSINE  COEFFICIENTS 

-2.2659-02  2.5924-03-3.5514-05  2,6237-03  8.4183-04-2.053^-03-1.3637-03  9.4403-04 
-1 .4671-03-1.5209-03-9,6818-04-1.2330-03- 1.0208-03-1.5671-03-1, 6839-03-5, 16°0-04 
-3.0767-03-1.8811-03  6.0385-04-1,9055-04-2.1852-04-4.9880-04  8,9262-05-3.0953-04 
-6.6990-04-6.4567-04  1.0379-04  1.5322-03  1.3567-03  5,OO3'*-04 
SINE  COFFFICIENTS 

-1.6026-02  1.6514-03-4.0837-04  2,1208-03  5.5532-03  1.05q2-03  5, 3534-04  2,5056-03 
1. 5163-04-4. C.982..04-1, 3347-04  2,2237-04  1.0104-03  5.5541-04-2.6404-04-6,2724-04 
6.3986-04  1.4777-03  2. 1207-03-3.3149-04-9. 1427-04-1 .49o3-03  l, 3560-04  2.0680-03 
0.6467-04  2. 3070-C3  2.1580-03  2.2973-03  4 . 8202-06-3. 01o5-03 
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TABLE  IV  -  Continued 


SPAN  3  CNDpO  1  STEADY#  3.9626400 

cpsint  cflfrrtcTENfs 

-4.2140-01-1. *558-02  1.2506-01  6.4231-02-3.4769-02  2. 4or>7-02-6. 3731-03  1.5331-02 
-3.7983-03-6.3161-03  6.3240-03  3.2763-02  2.5486-02  2.6540-02  1.5647-02-1.2944-02 
7,2647-03  1.2205-02-2.9486-03-1.0602-02-2.4929-02-2.1527-02-6.7497-03  1.1472-03 
2.0386-03-3.2909-02-2,4275-02-1.8849-02  3.7591-03  1.9637-02 
SINE  coefficients 

-1. 0416400  1.2569-01  1.7110-01  1 ,8483-01-4 .2923-02-7.02 t 0-02-4, 1324-02-3,4074-03 
-1.8301-02  1.4401-02  1.7617-02  3.8529-02-1.9226-02-2.5921-02-1.9675-02-1.4380-02 
1.2259-02-1.1005-02-5.6710-03-1.6661-02-1.0705-04  5,4242-03  4.0282-03  1.0997-02 
-2.1203-03-3.2240-03-6.7643-03  1.8059-02  2,l7i9-02  2, 9656-02 
SPAM  3  CilOpn  2  STEADY#  3.3146-01 

COSINE  COEFFICIENTS 

-2.1848-01-5.0264-02  5.2682-03  1.7882-02-2.0651-02  6. 63ft3-03-4 ,8721-03  3.5145-03 
-2.9584-03-7.0348-03-1.0563-02  2.0016-03  1.65l5-03  9, 25j7-03-3.50l9-o3-5. 2661-03 
-4.4317-03  3.9353-03  6.1150-03-2.0287-03  3.2696-03-7.0669-03-3.6144-03  8,8753-04 
7.1454-03  6.1320-03  1,3376-03-1,7130-03  4.0424-03  1.16ia-03 
SINE  COEFFICIENTS 

-2.9814-01  T. 7145-02  3.4331-02  4,8915-02-1 .0029-02-2, 1830-02-1. 7281-02-2, 8q42-03 
-8.7475-03  2.0173-04-1,1275-04  1.3432-02  9.6817-03  3.5653-03-2.4981-03  4.2670-03 
1 .7197-02  .1, 9131-03  5. 5513-03-1. 9114-03-5. 7420-03  1.4436-03  4.5463-04  4.3343-03 
-3.4854-03-1.6883-03-2.1644-03  1,2679-02-4.5356-03  2.02?3-03 
SPAM  3  CHOpp  3  STEADY#  -4,4979-01 

COSINE  COEFFICIENTS 

5793-02-7. 1902-02-7,6209-03  1,2542-02-1.4049-02-2.3423-03-1.4657-02  5.6066-03 
-5.3438-03-3.7385-03-1.8098-03  6.4503-03-2. 1559-03-3. 40l0-03-8. 0407-04-5. 0360-03 
2.8641-03  8.7753-03  2. 7404-03-1. 5923-03-7. 3590-03-2. 51a2-03-2. 9563-03  1.5963-03 
6.6154-03  2.1767-03  7.4627-03  4. “333-03  4 . 1267-03-6. 54o2-03 
SINE  COEFFICIENTS 

-6.8109-02  8.3157-02  1.5324-02  2,6848-02-6.4314-03-1 . 72o4-02-8. 7530-03-4. 3594-03 
-3. 9367-03-3. 0939-03  4.2684-03  7.8569-03  7.6368-03-6.0725-04-2.4121-03  6.5500-03 
8.5737-03  9.4218-03  9.2585-03-6.6195-03-2.4063-03  4.59?8-03  2.5429-03-2.1029-03 
1.5153-03-4. 5033-03-2. 6445-03-3,0406-03-4. 2355-03-9.1063-03 
SPAN  3  CNOi-0  4  STEADY#  7,9353-01 

COSINE  C9EFEIC TENTS 

-4.0169-02-5.4460-02-1.0922-02  4.2998-03-1 .2180-02-7. 56j>8-03-i .  1814-02-2.0996-03 
-2.2545-03  1.9594-04-5. 5772-04-2, 6191-04-1. 0740-03-4. 67n3-04  9.4286-05-3.5778-03 
-1.3062-03  3.2407-03  4.3041-03  2.0664-03  1.2499-03-9.8367-04  1.9807-04  2.0608-03 
5.6335-03  4.5079-03  3.8177-03  3.2941-03  1.3671-03-3.3256-03 
SINE  COEFFICIENTS 

3.4146-02  4.9330-02-3,5623-03  9.4769-03-2. 1 329-04-7.4740-03-2. 3722-03-4,5061-03 
-4.7927-03-4.4192-03  2,4550-03  3,7065-03  5,7557-03  1.7625-03-1,6956-04  5,5753-03 
4,6334-03  5.5609-03  1.3309-03-6,4593-04  2.6695-04  2.47o'8-03  2.9238-03  6.2991-04 
1.0335-03-1.3731-03  4. 2059-04-2. 0933-03-8, 23?0-03-6.25l8-03 
SPAN  3  CNOpn  5  STEADY#  6,4519-02 

COSINE  COEFFICIENTS 

-",3133-03-2,4053-02-4.3614-03  3.7301-03-3.9428-04-4.0633-05-3.6451-03  4.5074-04 
-1.4067-04  7.3348-04-1,6821-03-1.1019-03  1.5991-03-4.3772-04-2.6460-03-2.3488-03 
-8.1775-04  3.7212-04  2.0448-03  2.5213-03  6.1371-04  2.63lt'-04-l  .5569-03-1.291 1-03 
2.7018-03  4,1399-03  3,7660-03  1.2470-03  0.6298-04-8.0648-04 
SINE  COEFFICIENTS 

2.3930-02  1.2823-02-7.9419-03-2.7610-03  2.9375-03  3. 84o6-05-9. 3617-04-4,7201-04 
-5.5036-04-j . 1437-03  9,6820-04-9.3591-04  1.2898-03  2.8183-03  1.7813-03  1.8501-03 
1.1236-03  2,8907-03  9.5604-04  1.8101-03  1.6073-03  l.66n2-03  2.1632-03-9.8397-04 
-1.6060-03  8.4104-04  1.3321-03-3. 4968-03-3. 1927-03-1  . 83i»5-03 


TA2LE  IV  -  continued 


SPAN  4  CII0|»P  l  STEADY#  9,0058400 

CPSTNC  Carrie  TENTS 

-1. XAWiOO  3.8078-01  1.7*00-02  8. 3182-02-1  .6421-01-1 . 49*6-01-3. 0543-01-2,9599-01 
-2. 80*2-01-2. 7311-01-3, 3663-01-2. 5401-01-9.  1A79-02-7. S3&S-0?-!  ,5932-01-2, 0747-01 
-1.2*t&8-01  2.11*9-02  6.2863-02  7, 2757-02-8. 0388-02-8. 38^8-02-3.9773-02-2. 3268-02 
2.8077-02  2.7723-02  6.2708-02  7.9086-02-5. 1973-02-1. 2l7“-01 
SINE  COEFFICIENTS 

1.939*400  2.1087-01  8.2*61-01  1.5*38-01  i.990*-0l  8.9929-0 2  1,3679-02  1,6038-Ot 
1.33*1-01  1.5362-01  1.6370-01  2,«*15-01  2.0550-01  1.3552-01  2,26*5-02  9.6219-02 
1.70*0-01  1.3376-01  4, 7977-08-7. 0358-02-8. 71*5-02-7, 39*6-02-8. *334-03  1.1666-02 
-3. 372*-02-2. 88*2-02-3, 9638-02-7, 9881-02-1. 0100-01-2. 99fl2-02 
SPAN  *  C»»D|!D  2  STEADY*  3.299*400 

COSINE  COEI  riCTCNTS 

-2,9398-02  2.8984-01  1,3228-01-5. 0713-02-1. *276-01-2. 6222-01-4. 5020-01-2. *613-01 

-1.9077-01-1. 9104-01-2. *217-01-1. 5832-01-1. *267-01 -1,2680-01-1. 2505-01-1. 5379-01 

-7,l5bO-OS  8.1608-02  1,1353-01  1.0836-01  3.3532-02  5. *1*6-02  9.0  06-02  1.3710-01 
1.5179-01  1.33*2-01  1. 2917-01  *, 1 765-02-7.0764-02- t .65ft9-01 
SINE  COEFFICIENTS 

5,6137-01-2,26*1-02  9.5*20-02-8.7039-02-*, 1 179-02-2.98*2-05  3.3586-02  1,2966-01 
8, 3767-02  1.0693-01  1.0190-01  1,3237-01  1.3*37-01  6.7023-02  1,0220-01  1.5686-01 
1.7290-01  1.4916-01  4.2285-02-1. 57*5-02-3.6615-02  1,4696-02  2.6522-02-1 ,2121-02 
-3. 1901-02-1. 1073-01-1. 7022-01-2. 3969-01-2.1 132-01-1. 08r,2-0t 

spam  *  ciiopn  3  steady*  1,5801400 
cps fur  coefficients 

-2.9098-01-1,5789-02-2,6101-02  l. 1179-02-2.9*21-02-4 .87ql-02-2. 3t55-02-3. *674-02 
-2. 91 03-02-3, 8662-02-6. 4*27-02-1. 8361-02-1. 5970-02-5. 56*0-03-7. 80*3-03-1. 3892-02 
4.3313-02  4,0138-02  3.0238-02  1 . 1520-02-1 .0163-02-4 . J5nl-03-B. 1319-03  2. 6395-02 
1.2595-02  8.3651-03-1.0334-02-5.1271-02-6.7287-02-5.6720-02 
SINE  COEFFICIENTS 

3.7514-01  1.3157-01  9. 1250-02-4.6774-03  1.0908-03-1.61*5-02-2.5779-03  1.2650-02 
-1.5688-02  2,4301-02  4.0638-02  3.8026-02  6.0632-02  4.2102-02  6.6179-02  8,21*6-02 
6.7969-02  3. 1604-02-1. 87*6-02-1. 3632-02-3. 5766-02  1.11*8-02  3.9999-03-4,5401-03 
-2. 0909-02-4. 2979-02-3. 2364-02-6. 3307-02-1. 27*6-02  3. 95*7-02 
SPAN  4  CllOfP  4  STEADY1*  3.0277-01 

COSINE  COEFFICIENTS 

-1. *223-01-4. 5010-02-1. 0435-02  1,3620-02-1 . 0634-02-2, 72f)5-03-*. 6960-0*  4.9624-0* 
8.4933-03  2.6206-04-3.3319-03  6,6316-03  l . 3129-03-1 . 17i6-0*-3, 8*67-03-7. 1568-03 
1.2835-02  1.4*36-02  9.2786-03-3,5806-03-3.8303-03-1.2903-02-6.3611-03-1.1949-03 
-2 , 8306-03-1 . 0246-03-3. 2705-03-6.9384-03-2 . 5639-02-2 . 2* \ 3-02 
SINE  COEFFICIENTS 

1.33*5-01  7.3241-02  3.7904-02  1,2772-02  9.1330-03-4.8293-03  9,6660-03  5,3354-03 
-4.6102-03  7. *767-03  1,0160-02  1,2187-02  9,6256-03  7. 30*7-03  1,5602-02  1.9052-02 
1 ,9274-0(2  7.2291-03-3.7912-03-2, 1836-02-1. 62*9-02-1. 970(*-O3-7. 2531-03-2, 0783-0* 
-1 . 3036-02-7.3959-03-1.6255-02-1,97*8-02-1, 1298-02  1 . 226^-02 
SPAN  4  CIIOl'O  3  STEADY*  -4,2792-01 

COSINE  COEFFICIENTS 

-4. 7019-02-1, 3724-02-3. 1574-03  3,4981-03  5,  1660-03  S.^n^-OJ  1,0941-02  5.5565-03 
3.6379-03  3.9389-03  2,0*62-03  1,1110-02-7.56*1-0*  * . 27t8-0S-1  ,fl*5*-03  3,6020-03 
1.3505-02  0,9705-03  3, 08*6-03-9, *5*9-04  8 . 9292-04-6. 19 t 1-04-1 . 4858-03-2, 1 100-04 
1 . 7966-03-1 . 30*4-02-6.6043-03  6,4296-04-1 . 1892-02-4 . 537^-03 
SINE  COEFFICIENTS 

5,1395-02  1.6903-02  2.3673-02  1,57<>*-0S  5.5796-03  3.5055-03  6,6*80-04  1.6928-03 
-7.5197-03  9.0236-03  6.8609-04-1.8664-03-1,5678-03-6.4372-0*  6.6957-03  6.9564-03 
4.6385-03-1,9804-03-6.0872-03-3.6597-03  2, 3696-03-4 . 1551-03-6, 5229-03-5,4794-03 
-7.8054-03-1.1027-02-1.7940-03  8,21*4-04-5.2134-03  2.0*61-02 
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TABIE  IV  -  Concluded 


SPAN  5  CIMVP  ) 

CP5TNC  COEFFICIENTS 
-6.0627-01  2,7319-01- 
-4 . 2990-02-0 . 71 59-02- 
-1.6679-01-5.0265-02- 
°. 9594-0 2  0.6213-02 
SINF  COEFFICIENTS 
1.0464*00  2.1076-01 
2.3309-01-1.2403-02- 
2,4946-01  1.6664-01 
1.2533-01  5.1018-02- 
SPAN  5  CllO|*n  2 

cosine  coefficients 

-4.8106-02  1.4446-01 
-4 . 2025-02-6.4962-02- 
-3.7701-02  5.2474-03 
6.0363-02  7.3765-02 
SINE  COEFFICIENTS 
2 . 1606-01-2.3333-02- 
4.4566-02  2.2026-02 
1.0767-01  9.8T63-02 
1.36U7-03-3. 4270-02- 
SPAN  5  CIIOpP  3 
C'"INE  COEFFlClEUrS 
-2. 4527-01  5.6637-02 
-1.2049-02-3,7678-02- 
1.1721-01  3. 0024-02 
2,3846-02  1.9720-02 
SIMF  COEFFICIENTS 
2.3424-01  8.0627-02 
1.0842-02  1.2313-02 
5.4222-02  3.3674-02 
-1 . 2733-02-3 . 1236-02- 
SPAM  5  CMOl'P  4 
COSINE  COEFFICIENTS 
-0,7976-02  2.6093-02 
-1.5772-03-8. 1143-03- 
5.0619-03  5.7118-03 
2.3818-03  6.0762-04- 
SIMF  COFrFIclENTS 
6.9161-02  3.2622-02 
5.1663-04  4.3203-03 
7.0369-03  1.7710-03- 
8. 3535-03-4. 5633-03- 
SPAN  3  CMOi'P  5 
CPSINC  COErrlCIEMTS 
-7. 5962-02  1.7043-02 
-1.4931-02-2.0200-02' 
4.1836-03  7.8333-03 
3.7569-04-5,9612-03' 
SINE  COEFFICIENTS 
1.0193-01  2.7529-02 
1863-04  6,0093-04 
1 .9094-03-3. 3910-03- 
7. 4446-03  6.9831-03 


STEADY#  9.9371800 

2. 3469-02-3. 681S-01-4. 4227-01-2. 76o*t-oi-3. 9475-01-2. 9318-01 
3,0186-01-2,8867-01-1.2665-01-1.3524-01-1.6564-01-2.6496-01 
1.1625-02  2.9200-02-5.1592-02-1.8349-01-1.3961-01-1,9770-02 
1.4791-01  1,3039-02-2. 1)274-01-2. 2062-01 

3.3096-02-5.6076-02  l.lOOO-Ol  1.4126-01  8,3728-02  2.8146-01 
4.8116-02  1.1772-01  1.3986-01  1.5624-01  1.7098-02  1.2892-01 
1.3938-01  5.5215-02-2.3028-02  3,87?0-02  1.7478-01  1.9501-01 
3,1513-02-1.6343-01-1.5418-01  1.10t3-01 
STEADY#  2,4312800 

1.3685-02-5, 1486-02-1. 0377-01-9. 234 3-02-l. 0235-01-8. 8501-02 
1 ,0340-01-8 ,2115-02-5 . 0245-02-4 . 35n&-02-6, 4640-02-8.8082-02 
3.0525-02  4.1988-02  1. 1707-02-5, 33o3-03  2.2505-02  5,7071-02 
6,7132-02  2. 2106-02-4. 6381-02-5. 77|6-02 

2.8074-02-6,3380-02-1.2380-02  1.1196-02  2.5424-02  5.7915-02 
3.6335-02  7,3436-02  6.6233-02  5,054l*-02  3,«063-02  7,0334-02 
4.9175-02  3,3835-02  1.2337-02  3,77i4-02  5.0628-02  4.2677-02 
6.3258-02-9,7659-02-7.9639-02-3.3164-02 
STEADY#  1,1457800 

7. 4967-03-6. 1796-03-4. 2951-02-2. 97o5-02-2. 5635-02-2. 3783-02 
3. 4034-02-3.3477-02-1. 5469-02-3. 206l,-03-l. 5968-02-2. 6059-02 
3  7766-02  3,4077-02  2. 9848-03-1. 4622-02-l. 9873-03  1.5084-02 
7 . 0347-0  3-3.0676-02-6 . 6614-02-5 . 83o°~92 

7,6342-02  6,4737-03  3.4906-02  3.5772-02  2.8117-02  3,2389-02 
3.2784-02  3.6530-02  4,6476-02  3.7762-02  2.9375-02  5.0552-02 
1.4182-02-2,0419-02-2.6300-02-7.3620-03  2.8993-03  8.3257-03 
4.9182-02-5.7860-02-2.2242-02  1.6864-02 
STEADY#  3,2058-01 

,  ) 

4.5624-03  1,1 747-02-8 , 4286-0  3-2,60  38-03- 1 , 0875-03- 1 ,0375-02 
1 . 3218-02-7,5366-03-1 . 11 16-03  2.29JO-03-1 . 3621-03-3. 5340-03 
6.5819-03  4.6171-03  6.5591-04-5.7831-03-4,5044-05-4.1745-04 
2. 7882-03-1. 0170-02-1. 6714-02-1. 04|7-02 

2.4302-02-2,9534-03  7.27ie-03  3.6063  03  3,1751-03  4.2036-03 
9.2968-03  1,4501-02  1,2372-02  9.0445-03  6.7347-03  9.2036-03 
2,6076-0 3-7 ,2 529- 03-9, 4 36 3-0 3-2, 53fl0-03- 1 , 1655-03  5.0617-03 
6.8534-03-0.1088-03  2.0944-03  1.3177-02 
STEADY#  2,9080-02 

1,5677-04-5,2604-03-1,0253-02-8, 753^-0 3-9, 4 362-03-1 .9447-02 
1.3825-02-1.2621-02-1.5843-02  4.10f><»-02  3.2690-03  1.2713-03 
4,3605-03  4,2320-04-5.2100-03-5. 71ol-03-2. 5326-03-2. 1040-03 
2.2397-03  6.1692-03-3.1340-03  2.0977-03 

1.1419-02-1.3953-02-6,0675-03  5.9157-03  5.5643-03  6,5323-03 
3.3231-03  0.7541-03  5.5276-03  1.76fl‘*-02  2.7949-03-6.6009-03 
6 ,9624 “03-2.58 13-0 3-7. 0699-0 3-8, 7007-03-6.9721-03  7.6937-03 
1,3745-03-1.0284-02-6.9086-03  1.28()7-q3 
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TABLE  V.  AERODYNAMIC  DATA  -  120-KNOT,  EAGT-TO-WEST  FLIGHT 


BllPST  MO.  S  22  I'OTiT  I  If' t SC  f»i »i  |Cl  lCr»  CMJTINix 

BI.APE  PITCH  IIAPMOMfCS 

1.2625*01  3. 5712*l>A-5. 1420*00  SCOM.ECTlvr,  LOoOTTl w»MAL ,  I  ATEI’AL  PI.SPFCT  ( VCM  M 
RCitnp  ri  API  ’IMP'  AUCl.C  HARMAMICS 

1.9398*00  3.263*4-01  0.0000  KPOSITIVE  TAIL  1 1 loli  —  ijfccrFESB 
DirFcnrriTiAi  ppesshpl  harmonics  fop  ciwn  statiohs  at  Each  or  me  5  spams 
*meaS"ptmc.  rnoM  thc  leahimo  shoe  amp  me  hi.aue  root  reSpEctivelyi:, 

SPAM  1  CHOrn  1  STEAMS  1,4560*00 

rosifir  coecFiCTFiifS 

-7.6602-01  3.7765-01-1.7217-01-7.0022-02-6.2300-02  0. ll7a-03-2 . 0610-02-1 .0876-02 
-0.0917-03-7.2166-036.0540-03  1.0963-04-4.5690-03  9. 23oti-03-3. 1371-05  1.6227-03 
-6.7200-03  1.4672-03-1.3230-02  3,1967-03  3,1619-03-2.3544-03-7.2003-03-3.1666-03 
-7. 6619-03-1, 6035-02-1. 3055-03-6. 1 061-03-1. Ill  3-02  1.9444-03 
SJMF  COFFFIcIENTS 

0.6525-01  7.8078-02  2. 3710-01  5.5845-02-7.1075-02  2. 0246-O2-2. 3421-02  5.7133-03 
-1 .2296-02-5.7320-04-1.1370-02-5.2076-03  2.3773-03-9.3344-03  1.3070-03-3.9605-03 
3.1631-03  9. 0516-03  7.0955-03  2.2616-03  6,9634-03  5. 2001-03-7, 0636-03  0.0973-03 
-1.1804-02-7,6464-03-8.6827-03-4.9929-03-1.9067-02-5.3700-03 
SPAN  1  CHCVP  2  STEAMS  5.4156-01 

cnstNF  corrriCTeiirs 

-2.4636-01  2,0155-01-4.9330-02-1.5852-02-1.9650-02  5.6630-03-2.7492-02-9.2790-03 
1.0997-03-2. 5602-02-1, 0031-02  2. 1103-03-3. 3343-03-1 . 76q0-02  1,0430-02  3.0415-02 
-2.3046-03-1.0057-02  7.7924-03  3,4162-04-1.8156-02  2 ,65o5-02-9. 1599-03  2.0058-02 
-1.1976-02  1,5060-02  1.0897-03  9.1921-04  6.2731-03  l.22?O-02 
SINE  COEFFICIENTS 

2.5516-01-9.9657-03  9.1324-02  1,0870-02-5.8307-03  3.3507-02  4. 6306-03-2. 4508-03 
1.3630-02  1.1632-02-0.2042-03  4.1081-05-3.3960-03  5.204a-03  1.0476-02-1.4143-03 
-4.0729-02-1.1569-02  4.2906-04-2.5339-02-8 . 9785-03-2 . 33o0-02  2.6361-03-2.6355-03 
-0.6197-03-2. 1535-03-7. 3600-03-5. 9645-0 3-1. 3473-03-5. 72qO-03 
SPAM  1  CHCVP  3  STEAMS  2.0702-Cl 

costmc  corrricrnirs 

-1  .4976-01  1.5017-01-4.7000-02-1 .9800-02-1.0506-02  1.04(6-02-9.1309-03-2.0345-03 
-2.1773-03  1. 6361-03-2, 0154-03-2. 2022-03-2. S311-03-9. 7405-04  3.1904-04  1.4679-04 
-1.6700-03  5.8012-04-3.1973-03  2.4294-03-1 .64 10-04-3. J37a-03-l ,0380-03-2.01 17-03 
-2.4129-04-2.5520-03  1.0302-03-5. 4132-04  1.3102-04-2.1902-03 
SIMP  COEFFICIENTS 

1.1891-01-9.8714-03  3.9401-02  1.5510-02-1.4020-02  1.2132-02-6.9932-04  3.4SQO-03 
-3.6431-04  1,5494-03-2,4100-03-2.3941-05-5.5364-03  1.64,-9-03-1.3129-03  3.2366-03 
-1.4123-03-7.4724-114  2. 1920-03-4. 5327-03-1. 7192-03-2. 0403-03  1.7560-03-3.2223-03 
3. 1668-04-3. 4103-04-2. 6214-03-3. 0082-0 3-4. 5301-03-5. 24?6-03 
SPAM  1  CHCVP  4  STEAPYB  0,0000 

castme  corrncTeiiTS 


0.0000 

0.0000 

0.0000 

0.0000 

0.1)000 

o.oooo 

0.0000 

o.oooo 

o.oooo 

0.0000 

0.0000 

0.0000 

O.OOoO 

o.oooo 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

o.ooqO 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0005 

STMF  COEFFICIENTS 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

o.oonO 

0.0000 

0.0000 

0.0000 

0.0000 

o.oooo 

0.0000 

0.0000 

o.oooo 

0.0000 

o.oooo 

0.0000 

0.0000 

0.0000 

0.0000 

o.oooo 

O.OOoO 

0.0000 

o.oooo 

0.0000 

0.0000 

0.0000 

o.oooo 

o.oooo 

O.OOQO 

SPAM  1 

CHApP  5 

STEAMS 

1.0370-01 

cnsnir  copPricTEiirs 

4.2233-03-2.7972-112-8.3300-04  5,1200-04  1 .5295-0  3- 1 . 59o0-04  9 . 2070-04  -4 . 0257-04 
9.4991-05-2.3272-04  3,4959-05  7,1013-04  5.8079-04  l . 84g4-04-4 . 2370-04-3, 5l 36-05 
0.7300-05  0.1967-04  6.9009-04-4.4642-04-4.5523-04  5,12(8-04  2,2215-04  3.1602-04 
-4.5999-04-1.4355-04-2  4600-04  4,1947-04  5.4477-05  1.2274-04 
SJMF  CorFFICTENTS 

4.3927-02  4.8164-03  4,8729-03-1.9127-03  2 . 31 02-03-5. 30q2-O4  1 , 6917-03-4 . 7524-04 
-4.0457-04-1.7000-03-1.7275-04  5.0059-04  6. 9052-04  4. 46.-6-04  5.5114-04-2.6664-04 
1.0028-04-6. 0664-04-7. 1400-04  7.4980-04  1,1400-04-1.4340-04  1,6722-04  1.3204-03 
-3.8967-05  1.6061-04-3.0716-04  1.3327-04  2.5797-04  9,00f,2-O5 
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TABLE  V  -  Continued 


SPAM  2  CliPf!'  1  STEAMY#  '1,2722*00 

rpsmr  cirrricTfms 

-2.3649-01  1.5318*09  1,9130-02  2. 3*40-01-2.5383-01  2.06q1-01-2,211T-01  6,1035-02 
-6.05"4-02  6.9470-02-8.6074-02  2.4340-02  9,6925-03-3.8683-02-0.5372-03-2.0640-02 
2,0734-02-6,4705-02  3.1226-02-1.7829-02  O.838O-03-1 .61  3“-02  2.8850-02-1.3211-02 
-2.2030-03  1.1020-02-3.(4638-03-6.5718-03-1.3667-02  6.02q6-03 
SlNr  cnrrrTciCNTS 

3.2138-02  4. 41 09-0 1-4.485 3-0 2-1.6782 -01 -2. 1)936 -01-3, 14  71-02-9.7771-02-4.2937-02 
7 . 1*704—02—  t , 41 18-ot  4. 1161-02-4, ‘>806-02  3 .‘l 363-02-7 . 47n6-02  4.0057-02-4.2731-02 
-1. "634-02-1. 8077-02  4.8917-03-2.1862-02-2.2859-02  2.0228-02-3.2634-02-1.6496-03 
-1. 3160-02  1.1753-02-2,8154-02  7. 5701-03-1 .0954-02  6.49rt4-04 
SPAM  2  Cl  I'VE  2  STEAMY#  1.7564*00 

oostmf  corrrictfiirs 

2.4430-02  6.3029-01  3.5406-02  5.5328-02-4.9687-02  9.0240-02-6.6809-02-5.4583-03 
4.0262-03  6.5483-03-1 , 8989-02  6.1269-04  1 .2130-02-1 .422I»-02-2. 9350-03-1 .8880-03 
1.1128-03-1.0442-02  1.3955-02-1,3369-02-3.3570-03-4.7733-03  5.8630-04-5.0625-03 
-4.257Q-03  1.7942-03-7.0164-03-7.5876-03-6.8897-03  5.42o*-03 
sihf  coefficients 

-1.6657-01  1.6537-01  2.2208-02-4. 330 1-02-7.6919-02-1 , 715^-02-2. 7948-02-1 .8272-02 
2.3453-02-3.6943-02  2.2794-03  4.2177-03-3.4021-04-1.511(4-02  4 ,«246-03-3.6o05-03 
-1.8131-02  6.2545-03-2.0468-03-1.0135-03-3.6062-03  4.9982-03-6.3333-03-1.1087-03 
-1.4168-03  2.7236-04-1.0288-03  2.6163-03  1 .7299-03-1 .52nT-02 
SPAM  2  ClIPl’l'  3  STEAMY#  1,4598*00 

fpstMF  orrricYrms 

2.2511-02  3.6158-01  2.9670-02-0.1435-03-5.2049-02  6. 4069-02-2.2085-02-3. 0881-02 
6.0847-03  2.3359-02-6.0422-03-2, 8202-02  4.8255-03  1 . 34f,6-02-3. 5428-03-1 .8616-02 
-3.3942-03  2.0576-02  2.0275-03-2.3411-02-3.7078-03  2.54(5-02  1.0877-03-2.6266-02 
-3.1227-03  3.2343-02-4.4574-04-3.6554-02  3.3073-03  3.5356-02 
ST ME  COEFFICIENTS 

3.0172-02  6.1531-02  3.4186-02-5.7561-02-6.7475-02-9.0048-03  6.9631-03-3.5900-03 
-1.8403-02-1.8802-02  1.9977-02  5. 7739-03-3.0787-02- l . 44 36-03  2.4975-02  9,7050-04 
-3.5249-02  1.6301-03  2.5442-02-7.9773-03-2.0837-02  2.l56l,-03  2,2229-02-4.3321-03 
-2.8145-02  2.6202-03  2.7834-02-3.4656-03-3.0225-02-4.7067-03 
SPAM  2  Cliopp  4  steamy#  2.8750-01 

CPSTME  CPFrrlCTEMYS 

-1.5777-01  2.2544-01  4.6429-02  7.0774-03-2.3378-02  1. 7620-02  2.0778-03-5.8018-03 
3.0637-03-1.1361-03-1.1694-03-1.9702-03  2.4146-03-2.8752-03-3.6467-03  1.7119-03 
0.1808-04-9,0785-04-4.4631-04  3.1964-03-2.3056-03-8.951 1-04-1.0922-03  2.0212-03 
-2.4735-03-1.7343-03  7.0123-04  1 . 3782-03-3.5898-03-1 .6So3-03 
5 INF  COEFFICIENTS 

-1.9055-01-9. 4690-03-1. 0131-02-3. 7702-02-7. 7190-03-6. 7350-03-1.0490-02  l. ‘>194-03 
-3.1548-03-7.9898-03-5.2153-03  5. 0143-03-5. 5728-03-4. 52i9-04  6.7259-04  6.7203-04 
-6.0408-03-3.5542-05-1,7459-04  t . 0072-03-2.4067-03-1 .406l-04  1.5742-03-2.6067-03 
-2.3164-03  4.9780-04  1,2144-03-4.1108-03  4.5590-04  0.5lo2-04 
SPAM  2  CHOpP  5  StEAMT#  -2.1236-01 

msnir  corrrKYEins 

-1.0040-02  5,7544-02  1.4526-02-2.9197-03-1. 8470-03  2.l9a2-03  4, U23-03-3. 1064-03 
2.7489-03-2,4089-03  2.1316-03-1.5358-03  1.7566-04  1.3953-03-1,9430-03  2.36«l-03 
-3.2880-03  2.0995-03-2.8652-03  3.7502-03-4.0492-04  3. 04«7-05-l. 7971-03  1,3268-04 
-6.3037-04-1.6462-03-6.3803-04  4.0261-04  1,1596-03-2.2121-03 
S1MF  C "EFFICIENTS 

-2.0536-01-1.3468-03-6.9293-03-8.4404-03  3.2130-03-4.2153-03-3.7461-03  2.4358-03 
-2.6767-03-0,4456-04-2.7604-03  5.1314-0  3-6,5623-03  0.76rt'*-O4-1.292O-O3  2,6795-03 
-2.6315-03-7.2211-04  O.4U5-04  1.0325-0  3-1.0996-03-8.6236-04  2.9955-03-1.3021-03 
-0.4877-04-8.0244-0"  2. 7616-03-1 .83a0-03-l .  2.594-0  3  7.O0n5-O4 


13U 


TABLE  V  -  Continued 


spam  3  cnopn  1 
cpstnf  c'^r'Ytnetirs 
1.0424400  1.665040" 
-1.3100-01  7. 4550-02 
-5. 705O-02-1. 6204-02 
-2.0163-02-3.7830-02 

5 imf  crtrrric tents 

-3.0113-01  2.6807-01 

-1.5213-02-5.8700-02 

2 . 6436-02-6 . "526-02 
4.0370-02-3.0515-02 
SPAN  3  CIIOl’P  2 

cos  inf  corrrictEiirS 
5.4260-01  6.6204-01 
-4.3444-02  3.3770-03 
-1.7340-02-1.1105-02 
-2.5194-02  1,0804-03 
SIMF  COEFFICIENTS 
-1.0170400  2.3249-02 
2. 2650-04-1. "050-02 
1 . 1039-02-2 . 24 16-02 
0 . 0550-03-2 . 13«3-02 
SPAN  3  CUPl’P  3 
cpstnf  corrrtc teiits 

6.8640-92  4.0604-01 
-1.7870-02  2.3730-02 
-5.4663-04  2,3328-02 
2.9541-03  2.9307-02- 

simf  c^rrrtciENTS 

-4.3772-01-5.4602-02 
-3.5260-02-2.7143-03 
-2. 7446-02  1.9612-04 
-2.7361-02  4.3472-03 
SPAN  3  CMOl’P  4 
CPSTNF  COFrriCTENTS 
-3.1535-02  1,6562-01 
-4.1574-03-4.3356-04 
-1.2850-03  1,3007-03 
-4.7602-05  6.3411-04- 
SIME  COFFFtcIENTS 
-2.6761-01-4.0909-02 
-6.6103-03  2.7408-03- 
-3. 3704-03  6.6354-04- 
-1.1409-03-5.3914-04 
SPAN  3  CNPpri  5 
CPSTNF  COFFriCTEIITS 
-5.6236-03  3.7976-02 
-1.0679-03-2.0028-03 
4.6742-04-0.7663-04. 
-8. 3204-05  1.1109-03- 
SIME  CPFFFIc TENTS 
-1.4334-01-9.5747-03- 
-1.3973-03  1.9441-03- 
-2.6398-03  1.0870-03- 
-2.9669-03-3.8299-04 


STEAMY*  5,0270800 


1 ,9028-01 
7.2008-02- 
6.2011-02- 
3.7416-02- 

4. 4775-01- 
1.2276-01- 
2.8424-02- 
2.5506-03 

steamy* 

9,3063-02- 

3.2122-02- 

1.9905-02- 

1.6107-02- 

2.0564-01- 

2.1739-02- 

6.M77-04 

2.5145-03 

STEAMY* 

8.6174-02- 
t. 5230-02- 
7.4809-03- 
•4.9411-03- 

1.0577-01- 
2.7159-02- 
2.4146-02- 
2.6702-02- 
STEANY«  - 

4.2202-02 

3.8774-03 

4.0349-04 

■2.3064-03- 

2.2303-02- 
•1.2037-03- 
•1.7894-03- 
1 . 1059-03- 
STEAMY tt  • 

1.1218-02 

4.0642-04 

•8.4114-04 

-1.3638-03- 

-6.3747-03- 

-3.5099-03- 

-9.9843-04- 

1.0732-03- 


2.1069-01-4.3720-02-1.381*3-01  1.0831-01  1.3226-01 
-6.4662-02  7. 1090-02-4. t483-02-4. 4403-02  8.2176-02 
-4.4024-02  2.7830-02  2. 12o5-Q2-4. 7924-02  3,7390-02 
-3.5942-02-2.3428-02  1.9978-02 

-5.8188-01-2.9404-01  1.2776-01-1. S443-0 1  1.6001-02 
-8.9101-02-5.2156-02  t .00 1 3-0 1-6. 4027-02-4. 3964-02 
-1.6208-02-5.9177-02  3.6733-02-3.9530-03-3.0193-02 
1.2249-02-6.0659-02  9.37i*8-03 
4.1445-01 

-5.3233-03  1.4614-02-2. 10S7-02  2.2224-02  2.7817-02 
-1.7330-02  1.1218-02-7.9375-01-1.3440-02  2,8506-02 
-1,5819-02  3. 3136-03-5. 9482-03  2.9050-04  t. 8759-02 
-5,5710-04-1. 14  19-02-5, 407  *--03 

-2.3303-01-1.2795-01  6.5960-02-3. 1235-02-1. 7776-02 
-2,4 181-02-1.6462-02  3.24 30-02-1 . 7944-02-1 . 1701-02 
3.0618-03-2.8102-03  4 .58r, 2-03-2, 1083-02  8.0087-03 
1.0046-02  5. 7084-04-1. 302t*"02 
1  ■  3693400 

-8.9687-03-3.5912-02  2.721*5-02  1.6812-02-1.9448-02 
-2.7392-02-2,3170-03  2.74s2-02  6.7491-04-2.4072-02 
-2.6180-02-6.8593-03  2. 88n<>-02-l  ,2320-03-3.2040-02 
-3.0444-^2-3.0846-03  3.082&-02 

-1.1929-01-9.5043-02  2.6650-02  1.7434-02-1.9932-02 
-1.0729-02-3.5108-02  6.09**8-03  2.6802-02-1.0308-02 
-3.2407-03-2.9976-02-5,1463-03  2.5999-02  1.4024-03 
-4.51O8-03-3.2309-02-5.9820-03 
-4.0522-01 

1,5081-02-2.8691-02  6. 758^-03  1,2966-02  1.2409-03 
1.7146-03-2.6127-03  0.!047-04  2.1286-03-3.7438-03 
1.1272-03-1. 4030-03-9, 49p0-04  2.2790-03  7.2734-04 
-1.5214-03  7. 7795-05-1, 35o7-03 

-4.5977-02-2.2532-02  5.6359-04  5.3325-04-7.7331-03 
-3.0685-03-1. 1404-03-1, 70rtl-03  2.1310-03-1.9078-03 
-1.3694-03-5.9406-04-1.4078-03-4.3264-04  7.2507-10 
-1.4666-03-1 . 3175-03-9, 756e-04 
-2.2323-01 

4,4108-03-8.9230-03  2.5730-03  4.1095-03-2.3992-03 
1.6663-03-2,6063-03  4.8169-04  3.1926-03-2.5335-03 
3.5605-03  2. 2934-04-1. 68l4-03  3.2858-03-8,2625-04 
-3,3676-04  1.7880-03-2.1325-03 

-9.5525-03  2. 4382-03-4. 31n0-04-l. 3643-03-4. 0234-03 
-2.2320-04  1.1640-03-1.5222-03  1.7194-03-1.3587-04 
-1,2343-03  1. 1842-03-1. 8439_oJ  3.7856-04  2.6035-03 
-1.3046-03  3.5129-04-5.167,9-04 
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TABLE  V  -  Continued 


SPAM  4  CUPt’P  j  STf-AfrB  4,22t9«00 

ppstmp  c'lrrrtctFiirs 

1.5390400  1.3025*00  4.5010-01  3, 2314-01-2. 0*64-01-4 .23) 1-02  2. 1454-02-9.  1243-02 
3.3637-02  A. 7441-02-4. 090l-02-fl.'»30j-02  4.1*48-02  3. 3750-02-4 . 3535-02-5. 0351-02 
4.1671-02  2. 4113-02-2. 2737-02  3.68°0-OS  1.4410-02-1.5116-02-2.3143-02  1.2404-02 
1 .4002-02-1 ,7023-02-1 .2061-02  1 . 5942-03-  3 . 3370-03-2, 97  j'*-02 

siMr  coefficients 

- 1. 4730400-4. 0320-0 l-l. 8623-02- 1. 6300-01-4. 4 765-0 l -l.73n“-0 l  1 .2043-01  5.0733-02 
-1. 4506-01-6. 01*0-02  6.3443-02  1.1304-02-3.0037-02  1 , 78n2-02  0.6260-03-4,6010-02 
-1 .0743-02  2. 7026-02-2. 0500-02-4. 4000-02-7. O0OU-O3  3.4710-02-6.6040-03-3.0570-02 
2. 1320-02  2. 3J53-I.3-2. 4160-02-4. 7104-03  0. 1453-03-3. 0Oq0-O3 
Sr  AM  4  CUO|‘P  2  STEAPYB  1.3534400 

rosTfir  corrriCTfinrs 

0.7141-01  3.0179-01  2.1200-01-7.6427-02-2.4071-01  1.0245-01  1.2633-01-9.7509-02 
°. 4010-03  7.1545-02-4.0101-02-3.3700-02  3.9035-02  l . 7500-02-2. 1 106-02-2. 0140-02 
3.3543-02  4.3002-03-2.7064-02  2,0512-02  3,7025-03-1.0362-02-9.9363-04  7.0100-03 
-4.0000-03-1.7172-02  5.9590-03-1,0584-03-1. 1472-02-1. 21q7-02 

sine  coefficients 

-0.0772-01-1.7045-01  2.3104-01  5. 0903-02-3. 3207-0 1 -2 . 264*'-01  1.3692-01  0.7372-02 
-1.0073-01-1.5619-02  3. 76 19-02-2. 0562-02-9. 6000-03  6. 29r,6-03-7. 7632-03-3. 0161-02 
-1.0490-02  3. 3206-02-3. 2465-02-3. 5706-02  1.5*01-02  7. 4B&6-03-5. 0605-03-0. 2417-03 
1.6579-02-5.6543-03-1.1504-02  5.7042-03  4,0261-03-1.4746-04 
SPAM  4  CMPl'P  3  STEADY**  7.0809-01 

rosnir  corrriciriirs 

3.6240-01  3.1924-01  1. 5049-01  1 .0460-01-1 .6017-01-0 . 1 104-02  1.1455-01  3.0603-02 
-6.9102-02  2.0653-02  3.5645-02-5.7102-02-4.5233-03  5.62n0-O2  6.7634-03-4.3613-02 
-2.6304-02  2.7047-02  1 . 0001*02-2 . 077‘>-02-2 . 01 12-02  3.19rt6-02  3.1424-02-2.9006-02 
-2.4594-02  2.6408-02  1. 9916-02-3. 329’.-02-l. 2009-02  2.97..2-02 
sinr  cprrrrciENTS 

-5. 0614-01-1. 9593-01-2. 0951-02  3.6030-02-0.2791-03-1.41 J3-01-6. 7408-02  1.0612-01 
1.7074-02-7.9768-02  6.0501-03  3,8 734-02- 1 .4 1 04-02- l . 1 4o7-02  1,0631-03  1.0204-02 
5.5537-03-1.0175-02-1.2953-02  1.5164-02  5. 0733-03-3. 23ii0-02-l .2205-02  2.2755-02 
1 . 1507-02-2. 4589-02-1. 3042-02  1.6206-02  0. 2495-03-9. 55p0-03 
SPAM  4  Cll'Vf’  4  STEAPYB  -0,4500-02 

cosine  cprrrTCTpnfS 

0.1175-02  1. 3453-91  3.0133-02  1.4487-02-2.1)257-02-1 .64-, 5-03-4. 0325-04  6.3970-03 
2. 0579-03-3. 6149-03-1, 3725-03  2.1900-03-5.6105-05  2.52n7-03  3. 0945-03-2. 7316-03 
-4.4216-03-4.4900-03  2.9506-03  4. 0436-03-2. 2770-03-5. 94?B-04  1,2007-03  8.9990-04 
-1 . 3650-03-2.0076-03-1,0659-03-4, 066S-03  3. 4^66-03  9,4007-04 

simf  coefficients 

-4. 3940-01-6. 0715-02  3. 2676-02-1 .9340-02-3.40 17-02-6.2035-03  3.5039-03  0.9490-03 
7.6510-04-1.3049-02-6.5094-03  5. 3235-03  5. 1 390-03- 1 .0520-03-1 .  0021-03-1 .9930-03 
2.3759-03-7,7407-00-2.3460-03  7.0212-04  2 . 1)335-03-9. 49n0-O4-l .  3443-03  1.0391-04 
1 . 5054-03  5. 0503-04-1. 8310-03-2. 2203-03-3. 20AU-03  2.09?2-04 
SrAM  4  Cl I0|T'  5  STFAr'YB  -5,2422-01 

cosine  corrnc’ems 

-8.5300-02  1,3909-02-t. 0432-03  2  ‘404-03-2  ,t)Os4-03  3. 77p9-03-1 .0425-03  4.9534-03 
3.2417-03-4,2805-03-3.0160-04  5,3017-03  1.3319-03-1.7170-04  2.4519-03  2.0211-03 
-3.3441-03-2.2564-03  5, 4909-03-2 . 794 1-0 3-4 . 3*00-03-3. 06 33-04-2. 7090-03-8. 3303-03 
4 . 5245-03  1.4307-02-6. 1370-03-3.8744-03-1,7005-03  3.05u7-O4 
SINT  CnPFr t C TENTS 

-1 .8023-01-1. 9514-112  1.3350-02-3.2211-03  1.4204-03  4.99n0-O3  7.1013-04  7,6510-05 
6,01 95—03— 1,7106— 03— 2,6179-03  2,5519-03  1.0609-03-3.3583-03-2.8041-03  5.7150-04 
-1.2006-03-3.1719-03  5,7323-03  4 . 4 9u2-04"2 . 2 1 30-03  1.2670-03-5.9350-04  5.6622-03 
7.3042-03  1.1565-03-2.0662-03  1,4202-04  3.0123-03  6.73j2-03 


TABLE  V  -  Conduced 


SPAM  5  CUM'  J 
r^siMf  c^rrricTnirs 
1.6520400  1.03*5*0" 
-7.7730-02  ?.47«4-03 
-1 .04 3"-01-*. 0020-02 
-3. 0697-02-2. 51 03-02- 

a imp  corrriercNTs 

•8,7231-01-5.5587-01* 
-1. 2055-01-2,3171-01* 
2 . 7922-02-4 . 1604-02* 
-2 . 4700-02-4 . 9869-82* 

SOON  3  CIS<yr>  2 
c^stmc  corrricrcms 

2.4566-02  2.0730-01 
1. *7610-02  3.7238-02* 
-1.2037-02  4.0516-02* 
3.6521-03  6. *0*7-02- 
5 IMP  COEFFICIENTS 
-1.5764-01-2.4628-01* 
7.3870-02-5.7024-04. 
5.2164-02  2.4647-03* 
3.6104-02  1.3510-03- 
SPAM  3  CUM'  3 

mstMr  corrrtctpnrs 

-2.6O46-01  1. 0556-01 
-1.2002-03  1.0108-02- 
-3.2060-03-3.4002-03* 
1330-04  7.1126-03* 
SIMP  COEFFICIENTS 
-5.0316-01-1.4849-01 
-4 . 0290-03-1 . 3071-02* 
51 32-04  3.0077-03 
-4.2430-03-1.8832-03* 
SPAM  3  Cl  I'M'  4 
fPSTMP  C'lFrrlCTFIITS 
-3,3002-01  1 ,6°66-02* 
6.2674-03  7. '’514-00- 
-4.0730-04  2.1002-03* 
1.0753-03  2,2513-03 

st me  corrrrciENTS 

-2.1027-01-4.3440-02 
3.1780-03  5.2ani-0"> 
-2. 1040-03  1.8236-03 
-3.7944-04  2. 3827-0"* 
SPAM  5  CUM'  5 

post  nr  com  ictehts 
- 1 . 2693-0 1 -2 . 0660-02- 
0.4024-03  1. 4100-02 
-6.1952-04  5.4070-0"' 
-4.3905-04  4.0345-0"* 

sjmf  c^rpricrENTS 

-2.2250-01-1.5808-02 
3.2206-03  3.3989-03* 
-3.1772-03  2. 0021-03 
1.2330-03  3.1782-03* 


STFAMH  4.0704*00 

3.3733-01  5,2707-01-8,1597-02-9.4733-02  9.6334-02-1  lo*ft-n*i 

4 .8126-02“ 3 j  7(j  l  7-02 

4,2503-02  1.7934-02-4. 1813-03-3, 09?0-03  2 , 7t>64 -02- 5.  395  j-07 
1.2134-02-3. 9232-02-4. 1636-02-I.t3ol-02 

'2.7464-01-1.8620-01-3.8493-01-3, 70nft-0l-l, 5998-01  2  6869-02 

8.7524-02  4,5626-02  4. 1242-08-1 .8086-01-6,5988-02  2.7t?6-02 
1.1681-02  4, 1723-02-3, 7507-02-4. i 395-02-1 . 3078-02-1.3176-0? 
5. 7433-02-6. 2289-0  3-3. 0348-02-1. 64 -*8-02 
STEALTH  1, 0764800 

1.4726-01  2, 1827-02-9.0305-08  2.5040-02  2.5082-02-2.9232-0? 
3.3776-02-5.0026-02  1.7069-02  5.4532-02  6.0839-03-5,7406-02 
2.7389-03-3.9892-02  I.o3l5-02  5.32r/'-02-l .  1537-02-6.04  4  1-0? 
4,6132-03-6.5913-02  9.4463-03  6.1UO-02 

6.6378-02  3. 4277-02-4. 7703-02-8. 307q-02-7. 0114-02  2.8966-02 
•8.0982-02-2,4167-02  6.5774-02  6,4083-03-8,8874-02-9. 1064-0" 
6. 89O0-02-1. 3862-02  5.7362-02  1.0580-02-5.4039-02-1.0476-02 
6. 3779-02-2.8340-03  7.2195-02  o.05j8-03 
STEaMT«  t.  6410-01 

4.8799-02  4.0932-02-7. 3060-02-6. 57f>2-03  2 , 0596-02-8. 557  J-03 
3.1347-03-5.7847-03  4 .4663-03-2. 29?8-03  2.7550-03-2.1232-04 
3.5374-04  3.8460-03-4.4867-03  3.6«'|8-05  5.  1080-03-4.4754-03 
4,4139-04-6,9210-03  3, 8912-03-4.834 3-04 

3.6860-02  3, 3007-02-5, 6248-02-4, 28n7-02  1,1976-02  3.7408-02 
7. 8382-03-3. 2948-03  9.3037-03  6. 4567-03-fl. 9829-03-3. 3997-03 
2.0947-03-5.0343-04-6.8330-03-7.4559-03  6.9313-03  2.0OQ7-O3 
•8.4219-04-1.8250-03-1.2632-03  3,8  5o4-03 
STEALTH  -2.4532-01 

■3.932(1-03  9.5084-03-9.9660-03  2,8621-03-5.8 104-03-4 . 3206-03 
1.4501-03-3.4289-03  2,5162-03  2.3951-03-2,1823-04-9.2692-04 
3.8085-04-1.4226-03  l . 71 74-03- l .82 1 3-03-4 . 1 439-05-7,6532-04 
1,7290-04-1.4588-04  1.3390-03  6,J95*-04 

3,0464-02  6. 8247-04-1. 7934-02-1. 0338-03-l, 0402-03  5.4159-03 
■4.3174-03-1.3176-03  1.2694-03  5, 15?2-03-t ,8182-04-2.97*5-03 
4.0824-03-1,3017-03-8.6702-04-1 .206 1 -03-1 .4779-03-1.2055-04 
1.3405-03  3.7605-04-1.2400-03  2.1761-03 
STEAMt#  -5.4906-01 

■8.0705-03  1.0484-02  6.3474-04  7.  I  l09.O3-5 . 5877-03- 1 . 500 1  -03 
5.9984-03  7,4688-03  1 . 71 1 1-02-4 . 45 | 6-02-6 . 96*2-0 3- 1 . 0299-0 3 
1.8118-03-1.7806-03-5. 1630-04  4 . 97V-04- 1  •  7209-03-2. 33  72-04 
•2. 1  098-03-4,8911-04  6,56s5-0S-t  ,63o'»-03 

2,1*63-02  1.7537-02-1,4990-02  I . 29? 1-03-4 , 9869-03  4,2669-03 
•5.48*3-03-8.2880-03  l,  3909-03  6. 70Q('-03-l .  7538-03-5,0530-04 
1,2229-04  3,4489-03-1.6710-03  2,l«u6-Q4  4. 9931-05-8. 09Oi_0t, 
4.0067-04-3.0986-03  2.3357-05  2.65?t,-0J 
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TABLE  VI.  AERODYNAMIC  DATA  -  120-KNOT,  WEST-TO-EAST  FLIGHT 


Burst  mo.  *  is  rotor  ur.isc  punched  «jtput  *»* 

Cl. APE  riTrn  iiaPmomTCS 

1,1655401  3. 8118400-4. 4990400  *COI.L£CTIVr .  LO!IOIT'4iIHal.  UTEI’Al.  IT.SrECTlVEt.Vn 
ROTOR  FIAPt'lhO  AMCLP  IIAfVlOMtCS 

1.0628400  2 ■  3988-0 1  0.0000  W’OSITIVE  TAM.  Mini;  —  tjEcPCESn 

otrrcAniTiAi  pressure  nakmonics  fop  5  cnopu  stations  m  Each  or  rue  5  spans 
*MrAS"r.iMo  rr.AM  the  ieapimc  emoe  amp  rue  ulaoe  root  resi'EcTivEi  vn, 

SPAM  1  CIIApr  1  STEAMY#  1.7604800 

COST, 'If  CAFrrtCTEIITS 

-7.8170-01  5, *576-01-1. 0337-01-1. 8140-02-1. 2594-02-3. 4 lol-OJ-l. 0181-02  t.t  101-02 
-2.0304-02  8.7802-03-2,0313-02  1.0376-02-2. 1629-02-3. 38|7-02-l. 3646-02-2. 5201-02 
-2 .4527-02-1.4736-02-2,5566-02-1 ,6921-03  6.3787-04-2,7940-02  3. 1563-03-9.6431-03 
-1.4288-02  1.2005-02-1.6829-02  4.7947-03-4.3391-04-1.8142-02 
SINE  COEFFICIENTS 

5.1720-01  2.6738-01  1 ,5931-01-8, 5007-03-8. 5373-02  4.3396-02  1,9723-02  9.0404-04 
-2.0486-02  3.2438-02  3,8468-02  2.3150-02  2.6626-02  1.8542-02  1,8515-02  1,8530-02 
-2.2601-02  3. 7740-0 3-1. 45« 4-03-1. 0460-02-9. 8242-04-1. 6166-02-4.4921-03  7.6054-03 
-1.6880-02-6.1982-03  9. 7283-04-2. 1845-02  7. 9175-03-2.426^-02 
SPAM  1  ClIOl’P  2  STEAMY*  6.3048-01 

cosine  coFFricteiirs 

-2.4020-01  1.0289-01-4. 1643-02-9,3803-04-2. 4187-02-3, 6630-04  3.2773-03  8,0028-04 
7.7740-04  1.0917-02  7.0730-04  1. 1040-02- 1 ,4 191-02“ l » O9?O-02-l .5848-02- 1 » 1412-02 
-1.4545-02-7.7488-03  1.5106-02  2.6517-02  l. 4778-02-2. 6947-02  2.0740-02-9.6608-03 
-2.1464-02  2.2522-02-2.5430-02  2.2682-03  2.0372-03  3,8930-03 
S1NF  COEFFICIENTS 

2.8750-01  5.5752-02  7.1402-02  1.7626-02-2.4192-02  6.0520-03  3.5409-03  8.4071-03 
-1.4742-02  1.8746-02  1.0996-02  2,4904-02  7,9666-05  2,35«6-o3  5. 6*77-03-3. 03”2-O3 
-”.1570-03-5.3121-03  5.7601-03-5.1451-02-4.0322-02  8. 54o“-04-9. 2531-03-9. 3195-04 
-1.0168-02  1.4442-02-1.5445-02  9,1168-03-1.4008-02  1.19s7-03 
SPAM  1  CNApP  3  STEAMY*  3,3568-01 

cosine  coFrrtctenrs 

-1.5953-01  1.6216-01-4. 1400-02-2. 2474-02-7. 1217-03  1,2323-02-5.7052-03-1.2307-02 
-6.7263-03  1.1647-02-4.9938-04-7.0179-03-1.4740-03  7 . 2Q55-03-4 . 00 12-03- 1 .6262-02 
-7.0208-03  2.3711-03-7.9461-03-1.1492-02  1.7656-03  1.1470-02  1.4181-04-1.2794-02 
-4.4629-04  1.4294-02-3. 0616-03-8. 0629-03  4.7150-03  1.72o2-02 
STMF  COEFFICIENTS 

1. 4188-01  2.9353-02  3.9311-02  6,8192-03-3.9520-02  1.69ft0-02  7.0551-03  1,1667-02 
-1.7890-02  1.1603-02  1.1039-02  3.9630-05-7.4319-03  2,776Q-03  1,3150-02  1.3780-03 
-1.3611-02-1.5647-03  8.5243-03-3.9351-03-1.6688-02-3.5100-03  8.1001-03-4.7569-03 
-1.2959-02-1.0185-03  7 .5402-03-3,9706-03-1 , 1/77-02-2. 61o2-04 


SPAN  I  CM9|>P  4  STEAMY* 

0.0000 

cost nf  corrricTeiirS 

0.0000  0.0000  0.0000 

0,0000 

0.0000 

0.000° 

0.0000 

0.0000 

0.0000  0.0000  0.0000 

0.0000 

0.0000 

0.000° 

0.0000 

0.0000 

0.0000  0.0000  0.0000 

0.0000  0.0000  0.0000 

0.0000 

0,0000 

0.0000 

O.OOQO 

0.000° 

0.000° 

0.0000 

0.0000 

SJNF  COEFFICIENTS 

0.0000  0.0000  0.0000 

0.0000 

o.oooo 

0.000° 

0.0000 

0.0000 

0.0000  0.0000  0.0000 

0,0000 

O.OOQO 

0.000° 

0.0000 

0,0000 

o.oobo  0.0000  0.0000 

0.0000  0.0000  0.0000 

SPAN  1  CM°!'P  5  STEAMY* 

0.0000 

0,0000 

8,5706-02 

0.0000 

0.0000 

0,000° 

0.000° 

0.0000 

o.oooo 

COSINE  COEFFICIENTS 

6.3679-03-3.0014-02-1.4572-03 

3.3435-04 

6.85l0-04-l.356‘-03 

2.1095-04 

7.1982-04 

8.1312-04  1.9402-04  6. 2370-04-7. 0713-04-8. 9106-05-6, 6626-04-2. 5105-04  1.0089-03 
1.5769-03  8,7792-04  7,6464-04-7,5278-04-5.8657-04-1.5439-04  6.1096-04-1.9866-03 
-4.0516-04-1.3713-04  2.2986-04  2.6223-04-1.6214-03-3.4150-04 
S1MF  CTFFTc IENTS 

2 . 7097-02-8, 1902-04  1,5351-03-9,7345-04  1 , 0917-03- t ,26o2-03-3, 4635-05-1.8352-03 
9. 6371-04-1. 6012-113  4.7364-04-1,0821-03  1 , 5935-04- 1 . 0532“03  6.5260-04-9.8078-04 
-2,0040-04-3.9777-04-3.3435-04  1.6624-03  1 .0366-03-5, 76«5-04-5. 4119-06  9,3344-04 
8.5986-04  6.8951-04-1.1016-03  3. 7871  -05- 1 .  U04-04-7 .4 lo4-04 


TABLE  VT 


-  r  i  ;  i..,. 


SPAM  2  CIIP|'P  1  STEAPYM  4.3369A00 

(•pstHC  corfrtcTfnrs 

3.1971-02  1.2778400  1.8152-02  2.0908-01-1.4152-01  2. J404-oi-l. 6243-01  4. 2409-02 
-1.1443-02  4.9020-02-9.5116-02  4,9124-02-2.3611-02  4 .5393-03-3. 0236-02-4 .4103-03 
1.8607-02-5.4000-03-8.3990-03  1.8697-02  1 .4633-02-4 . 30q2-02  5.1082-03  3.0937-02 
-3.3112-02  3.6613-03  2.6416-02-2,2412-02-8.7200-03  2.2042-02 
Slur  cprFriciCMTs 

2.9122-01  8,2917-01-1.2647-01-2.0071-01-1.4384-01  4 . 72J2-02-1 .5237-01  5,5325-02 
7.6180-02-6.4444-02-2.7330-02  3,8587-02  4 . 8149-0 3- 7 . 5flft 3-02  6.9719-02-2.8547-02 
-3.8408-02  2.9372-03  3,7969-02-3,4068-02  6.6259-03  5 . 40(>9-Q2-2 , 6070-02- 1 .  Q9O]-02 
2 .0115-02-1 .6927-02  8.5356-03  3,8836-03-2.5492-03  7.8574-03 
SPAM  2  CMP|*P  2  STEaPYB  1,7781800 

(-PSTNC  COFFriC  TEIItS 

1,1152-01  5.3741-01  3.4295-02  5,6679-02-5.  IU6-02  9. 66o8-02-6. 3626-02  1.3644-02 
1.6266-02  4.2510-03-2.4152-02  7.6185-05-1 .4163-03-4 ,90oM-03  4.2733-03-2.6632-03 
1.5270-02  4.2269-03  6.7367-03-2.1888-03  1 .0479-02- 1 . 19(13-02  5.7414-03  8.2134-03 
-4.4553-04-3.6114-03  5.3567-03-6.9034-04-1.5886-02  4.4l3p“03 
SINF  CPFFFTctENTS 

-3.3236-02  3. 0270-0 1-2. 6599-02-9, 07 32-02 -6. 3050*02  1.5423-02-4.1935-02  1.6489-03 
3.8250-02-2.5269-02-6.1523-03  1.3715-02  3.0279-03-2.2242-02  1.7bt7-o2  4.3942-04 
-1.1435-02-3.8535-03  6.2118-03-9.3384-03-8.2163-04  4.5082-03-5.9924-03-1.0948-02 
7,7840-03  1.0668-03  5.5400-03  7.4888-03-4 . 1963-04-2 . 31<)7-04 
SPAM  2  CIIPPP  3  STFAnfM  1,4212800 

cpstmf  corrncTeiiTS 

7.3731-02  2.8196-01  1.7839-02  2.6598-02-2.8872-02  4 . 62a<>-02-  1 . 95«4-02 -4 .61? 7-03 
8.8800-03  8.6577-04-6.4897-03-3.4441-03  1 . 219  3-0  3*2 . 0  lPl,-03- 1 .  3506-03-1 .  1267-03 
4.6765-04-4.4043-04-2.6228-03  4,7920-03  1.7536-03-5.5452-03-4.3822-03  4.0152-03 
2.2755-03-3.3406-03  1.7567-03  7.89O0-04-2. 3201-03-1 , 44al-03 
SIMF  CPFFFTCIENTS 

1.1471-01  1.4608-01  3.1271-03-5.7110-02-3.8920-02-6.1768-04-6.1656-03  1.0122-03 
1.1292-02-3.7559-03-3.2602-03  1.7541-03  1 .7847-03-2.8200-03-2. 3786-03  9.9104-04 
-3.5016-04  8.3542-04  7.0164-04-1.5368-03-1.7970-03-5,0048-03  3.8131-03  2.3268-03 
-1.3726-04  6.7708-04  1.6535-03-3.5654-03  8.7553-04  1.58o3-03 
SPAM  2  CIIPl'P  4  STFAPYB  3.3088-01 

cnsiMF  c9rrricTEMTS 

-1.2912-01  2.1027-01  4.0753-02  1.6216-02-1.4254-02  1.9775-02-3.8320-05  4.2727-03 
3.1920-03  3.5747-04  3. 7748-03-6.3172-03-8, 4391-04  2. 3445-03-8. 8825-04-3. T0I2-O3 
4.3955-04  3. 1797-04 •‘■U 6 360-03- 1,3080-0 4  2.2500-03  l,1907-03  1.4440-04-7.0511-04 
-l. 4327-04-9. 4458-04-6,i6669-04  2.3604-03-1.5813-03  5.24^4-04 
SIMF  CPFFFTCIENTS 

-1.4707-01  3. 2591-02-1. 5018-02-3. 2793-02-8. 9613-03-2. 00l6-03-l .8730-03-2.9906-03 
1.4064-03-1.3956-03-4.5706-05  1 .0180-03-1 ,4255-04  7.8ln5-04  3,1734-04  1.9517-04 
-1.0659-03-8.5334-04-1.6138-03  1.3332-03-1.0074-03-2.0231-04  3,2077-03-2.4423-04 
-4.0421-03  2.1967-03  2.9039-04-1,2905-03-1.2240-03  1.0155-03 
SPAM  2  CHPPP  5  STEaPYH  -1.8261-01 

cpstmf  corrricTEMrs 

-1.0157-02  6.0845-02  1.3514-02-2.0794-03  3.2263-03  3.21,(1-03  2.4555-03  2.7304-03 
1.1535-03-1,3184-03  2.6684-03-1.8225-03-6.3885-04  1.1343-03  1,5766-03-1.6936-03 
-2.4161-03  1.1687-03-1.7009-03-2.2426-04  9.4610-04  2. 37i,3-03-1 .2171-03  1.7690-04 
-1.8600-03-5.8504-04  1.3804-03  4,0941-04-3.6066-03  3.57r,4-04 
SIMF  CPrFrTCtfNTS 

-1.9732-01  2.6981-03  6. 449£-05-9, 0351-0 3-7 . 65S0-04  2 . 80o4-04-2 , 0594-03-6 . 0049-04 
-2.0460-04-3.9396-04  2.6800-04  2.1120-03-2.0579-03  9.308°-04  8.1560-04  1.6310-03 
-1.6955-03-9,6011-04-2.4909-04  7.4565-04- 1 . 4 3S9-03  l.SOpO-OS  2.1315-03  3.0637-04 
-3.7379-04  3.0158-04-3,4333-04  8. 3474-04- 1 . 807 1-03-8 . 1 7^0-04 
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TABLE  VI  -  Continued 


SPAN  3  CMOi-P  1 

cpsinc  coFrriciEiifS 
l. 3825400  1.4807*00  : 
-1.0073-01  8.0426-03 
-3. 1317-02-4. 3481-02 
-4.2241-02-1.6405-02  1 
SIMP  COFFricItNTS 
3.5130-02  7.6023-01 
-4.4100-02  7.04«2-02 
-1.4671-02  1,0054-04 
-7,6730-04-4.5543-02 
SPAN  3  CIIOl'P  2 

cosine  cofti-ic tents 

6.0438-01  5.3477-01 
-3.4311-02  1.5307-02- 
8.5805-03-1.3061-02- 
O.P328-03- 1.0556-02 
S1NF  CPFFriclENTS 
-8.0350-01  2.0829-01 
-4.7514-02  2.4927-02 
3.4840-04  1.4700-02 
8. 5299-03-2. 7107-03- 
SPAM  3  CN0|>P  3 
cos  tup  c4FrricTEiirs 
1,6359-01  3.1865-01 
-2,1223-02  2.9036-03 
8.2075-04-2.6886-03- 
3.2173-03-5.6018-03- 
SIMF  COrFFTcIENTS 
-3.5439-01  6.7284-02 
-2.9205-02  1.3423-02 
-4.9926-03  8.4765-03 
1.3506-03  6.0493-03 
SPAM  3  CHOl'P  4 
COSINE  COEFFICIENTS 
-2.7656-03  1.5432-01 
-6.5127-03  8.4618-04 
-2.0756-04  2.1873-03 
-3.2567-04-2.7828-03 
SINE  COEFFICIENTS 
-2.3629-01  8.6615-03 
-6.6973-03  4.1160-03 
-2.2527-03  3.1904-03 
-5.8595-04  7.8155-04 
SPAM  3  CIIO|>p  5 
COSINE  COFrrlCTEIITS 
-8,1742-04  3.4068-02 
-1.0593-03-7.5843-05 
3.5013-04  1,1926-03 
2.2535-03-2.8043-03- 
SINE  COEFFICIENTS 
-1.3713-01-8.1253-04- 
-1.9903-03  1.1375-03- 
-2.0286-03  1.6314-03- 
-3.6548-04  2.2224-03 


STEAPT4  5.0507*00 

2.0705-01  3. 3733-01-8.4563-02-7. 5254-02  1.0298-01  9,5053-02 
1.6649-02  1.1028-02  1 ,9«01-02-5.2045-02  7.1535-03  6.9338-02 
7.0216-03  3,5059-02  2.0«33-02-5.01 34-02  1.5520-02  7,4299-02 
4.0336-02-1,1366-02-1.6290-02  l.*02a-02 

5.6147-01-4. U2‘.-01-2. 2360-01  1.64ft6-0l-5. 7856-03  1,1243-02 
9.6403-02-8 . 7833-02-2 .6169-02  9.824 5-02- 1 . 3585-02-2 . 4986-02 
2.3095-02-2.5992-02-1,3153-02  3. 1 tn6-02-2. 4709-02  1.7944-02 
5.0841-02  2, *048-02-3. 5640-02-1. 5Q40-02 
STEAPTM  4,0409-01 

9.5445-02  6, 5512-02-4. 6«63-02  1.43l3-02  7.6625-02-4.0569-03 
3.9260-03  3,1078-03  9.5746-03-3.4076-03-1.0546-02  1.6768-02 
2.3410-04  1.2079-02-1.2601-03-1. 134?-02-l. 6089-03  1.3397-02 
1.0915-02  1,2387-02-1,9495-02  6.04q9-03 

1.1949-01-1.3544-01-1,2517-01  3.4570-02  2.4287-02  4.5061-03 
3.6371-02-3.5545-02-2.0617-02  S.Toi1*^  1.1435-02-2.9137-02 
1,6227-03-1.1384-02  1.8387-03  1.00*5-02-5.1355-03-1.1267-02 
1,0062-02  1.45*1-02-8.3661-03-1.5835-02 
STEAPYB  -4,7725-01 

6,7634-02  5.8930-02-4.6773-02  2.25*3-02  2.8200-02  1.7343-03 
3.8672-03-7.5031-04-2.3782-03  7.42*8-03-8,0009-05  1.1662-03 
9 . 1639-04  6.5657-03- 1 . 7947-03-2 . 8967-05 - 1 . 5389-03-1 . 5790-03 
2.5344-03  5. 5606-04-4. 7637-03-7. 07*5-03 

3,8961-02-8.3471-02-6.6631-02  1.8657-02  2.6183-02-1.9549-02 
2.2423-02-1.4500-02-2.0026-02  1.4430-02  9.2772-03-1.3679-02 
2,3426-03-2,86*8-03-6.0585-03  1.0650-03  1.9672-03  t. 8035-04 
4.0716-03  6.3753-03-1.2420-03-3.9130-03 
STEAHYB  8.5327-02 


4.2404-02  2.4767-02-2.7521-02  1,4740-02  1.2704-02  5,2493-03 
2.7522-03  1.5979-03-5.1963-03  4.3252-03  3.41*5-03-1,9140-03 
2,6159-03-4.0909-04-2.4211-03-1.4815-03  7.1173-04  2.0608-03 
4.0690-04  9,1374-04-1. 1366-03-1 ,937®-03 

1,6114-02-3,3094-02-2.4174-02  3.2137-03  7.0870-03-5.5177-03 
4,8944-03-3.92*6-03-3.5107-03  1.51*4-03  3.9681-03-4.5451-03 
3.1383-03-2,2344-03-3.5350-03  4.91q6-04  1.8946-03  6.2991-04 
2,2486-03  1.1114-03-3.0599-03  4,76*0-04 
STEAPTM  -1.3263-01 


1.0075-02  2.3009-03-7.6032-03  0.11*7-03  2.6*42-03  2,6633-03 
3.0317-03  1.5458-03-3.2164-03  2.06l5-03  2,3286-03-2.3404-04 
2.4263-03  1,5200-03-1.7784-03-5.45*3-04-7.1053-04  1.1078-03 
1.8661-03  1.4203-03  1. 4336-03-1. SlT^-OS 


2.7859-03-8.7348-03  5.0472-04  6.1089-04-2.1385-04-7.0121-03 
1,3745-03-9.6906-04-8. 7485-04 -8. 602l,-04  3.9617-04-2.5718-03 
3.2252-04  1. 1781-03-7. 0512-04-1, 23?7-03  3.28*5-03  4.4722-04 
8.76*7-05  1.7153-03  1.3401-04-9.96*5-04 


ll+O 


SPAN  4  CiW|*P  I  STEAPTS  4.2952*00 

cpsinr  c^rrrtctenrS 

1,0536*00  1.2335*01  5.9149-01  4. 2753-01-1. lOjfl-i 
7.3327-02  1.0116-01-1.0726-01-9,3337-02  1.02o6-' 
9. 2527-02-8. 99«9-0<i-8. 6916-03  4,7046-02  1.534.- 
-3.4622-03-4.0006*02  1.1006-02  1.570S-02-2. 4635- 
SIMP  COEFFICIENTS 

-1.3172*00  6.5611-02  1,6336-02-6.5011-02-3.9929-1 
-1.3609-01-6.0306-02  6.7225-02-6,0443-03-4.4512- 
4,3396-02  7.0812-02-4.0524-02-5,5426-02  3.6465- 
2. 3735-02-2, 2832-02-?., 4333-02  4.4709-02  1.2455- 
SPAN  4  CilOl'P  2  STEADY#  1.2251*00 

cosine  coefficients 

1.1089*00  3.2594-01-1.0604-03  7.2270-02-1.0684- 
-2,7636-0?  1.3152-01-4,9052-02-9.7970-02  7.2057- 
1.1057-02-6.5010-03  3,6015-03  2.4519-03-3.0932- 
7.7552-03-1.6340-02-1.3497-02  2.2080-02  2. 6005- 
SIMP  COEFFICIENTS 

-7.0936-01  2.1314-01  1.5544-01-6. 8060-02-2. 3U1- 
-1.4973-01-6.7204-02  1.0940-01-2.7839-02-3,6652- 
3.4743-02  1.5909-02-7.7223-03-1.7975-02  3.3888- 
3.8001-03  5.3757-03-1.7002-02  6.3400-03  2.0699- 
SPAM  4  CMOi‘0  3  STEAPYfi  7.7701-01 

cosine  COFfrlClEIITS 

4,7931-01  2.0347-01  6.3908-02  2. 5102-01-6.9436- 
-2.9313-02-2.3250-02  1.0195-02-4.1140-02-3.3605- 
-3.0347-02  5.6758-02  4.4540-02-3.6360-02-3.0902- 
-1.0769-03  1,3716-02-3,6426-03-2.8800-04  1. 2430- 
SIMP  COEFFICIENTS 

-4 . 9547-01-4 . 1103-04-9. 6728-02-1 . 3278-02  6 . 9976- 
8,5419-02-7.3241-02-3.4101-04  1,7107-02-3.0135- 
-3.9834-02-3.7669-02  4,9806-02  2,6026-02-3.8056- 
-1.8103-02-3.5202-03  1.0336-02-4.2360-03  2,1469- 
SPAM  4  CtlOpp  4  STEAM VH  -2.2087-02 

COSINE  coefficients 

1.0839-01  1.3646-01  3.0932-02  3.0192-02-1,4019* 
4.7133-03-2.1719-03-1.3938-03-4.4921-04  1.1047- 
-3.1934-03-1.6708-03  2.0437-03  4.9662-05  1.3639* 
4.1130-03  2,7414-03  2.2242-04  5,0265-04  2.1049- 
SINE  COEFFICIENTS 

-4.2102-01-1,7453-02  3.3328-02-1,2316-02-3.2147- 
-1.5231-03-1.3836-02-1.0944-03  3,9362-03  4,7768- 
-fl »267fl404-l, 6031-04-9. 284 1-04-3, 5971-0 3“ l ,0976* 
4,8609-04  2.9100-04  4.8950-04  4.8633-03-1,8501- 
SPAN  4  CllOon  5  STEAMVo  -4.6603-01 

COSINE  COEFFICIENTS 

-3.5083-02  1.9809-02  4.8924-03  1.5942-03-6.0462- 
5 .4968-03-1 . 0932-03  1 . £262-0  3- 1 . 3988-0  3-8 . 3719- 
1.3230-03  7.1304-03-8.3620-04-9,8319-04  5,l404- 
1.0013-02-6,1098-03  3,8831-03  2.8532-03  1.76J4- 
simp  Coefficients 

-1.8313-01-1.9897-02  1.3345-02-1.4822-03-4.5674. 
-6.5530-03-6,4057-04  2,4049-03  3,0640-03  1.7130- 
-4,5565-04  3,6142-04  3.8697-04-1,7254-03-5.4098. 
-4.3076-03-3.0440-03-4,2146-04  2,2482-03  3.9253- 


‘0l-7.8775-03  6.9343-03-9.3482-02 
■01  8.4530-02-6.6670-02-3.7490-02 
■02“5,97t 1-02  4.0844-03  6.4836-02 
■02-7.353^-03 

•01-1.430  '-01  1.7707-01  9.4212-02 
■03  5. 36n8-02-6. 1071-03-6, 3466-02 
•02  3.1858-02-4.3465-02  6.0049-03 
•0?-i.4263-02 

•01  S.85&8-02  1.2274-01-1.0872-01 
*02  4.0398-02-3.9063-02  6. 4394-03 
•O3-l.20fi3-O2  7.5564-03  1.2587-02 
•03-2.l0t*‘-02 

*01-1,6550-01  1,2726-01  1.4484-01 
-02  4.6162-02-2.8155-02-2.2272-02 
-03  3,3454-03-8,5269-03  1.3996-03 
-02-9.7273-04 


■02-l.73fl8.01  6.5778-02  1.0836-01 
■02  7.2172-02  4.9140-02-7.2268-02 
■02  2 ,79 1 5-02  1.9453-02-1.2721-02 
•02-1.0960-03 

•02-8,1615-02-1.1203-01  9,2733-02 
•02-5.2091-02  3.0253-02  5.3279-02 
-02-2.0822-02  2.3625-02  9.7217-03 
•03  1.62o4-02 


•02  2.1162-03-1.2077-03  7.3941-03 
■04  8,8793-03  6.5663-03-1.6713-03 

•03-3 .  ear, 5-o  3-2 , 1956-05  4 , 3195-03 
■03  2. 11q3-03 

•02-1.0142-02  5.3367-03  1.4980-02 
■03-2. 7106-03-1, 4 131 -03-3. 1612-03 
-03-2.0935-03-1.5038-03-8.3129-04 
■03  6.48fl8-04 


•03  2, 09*8-03-1,8528-04-1. 0917-03 
•04-0 .9749-05-3.3046-04-4 . 1 880-03 
•03-2. 06i4-03-5. 0099-03  1.4341-02 
-04  1.1440-03 

■03  2, 61J4-03-1. 4022-03  4.5563-04 
■05«3.36ftI-03  6.5196-04  3.0163-03 
-04  2.5244-05  3.1115-03  2,0554-00 
-03  0,54?8-C'v 


TABLE  VI  -  Concluded 


SPAN  5  Cti^i‘1*  i  SftAf'iB  5.s35,»#00 

cosine  coefficients 

1.7702*00  9.6457-01  4.3604-01  5. 1700-01-0. 6165-02-2. 4677-02  1.5004-01-4.0647-02 
-7.6347-02  1.4419-01  1.3100-01-1.1365-01-1. 3679-01  1.8049-01  1,3346-01-7.4046-02 
-1.1811-01  3.40*7-02  7.0559-02-3.7032-02-5.9939-02  1.4020-02  1.0049-02-4.2602-02 
-5.9943-03  4.7360-02  1.5408-02-5. 4692-02-1. 4202-02  4,14q9-02 
SINE  COFFFtclENTS 

-0.4892-01-1.6435-02-9.0069-02  2. 6235-02-2. 5214-01-3, 35t*2-01  7,3775-02  2.3425-01 
-8.0560-02-2.8843-01-2.0654-02  6.8463-02-6.5512-02-5,8847-02  1.1408-02  1.8582-02 
8569-02-1. 1167-01  4.6765-02  2,8489-02-1.1 140-01-9,9679-02  3.5252-02  2.5035-02 
-4.7170-02-3.1078-02  2.9547-02-5.0813-03-4.0932-02  1.464‘*-02 
SPAN  5  CHOPO  2  STEADY*  1.0080800 

COStuE  COEFFICIENTS 

1,2170-01  1.2419-01  1.1673-01  1.3068-01-8. 3071-02-2. 873?-02  2.6044-02-1.8721-03 

2.1801-02  4. 4807-03-1. 3124-02-1. 0110-02-4.1779-03  l.®279~02  '*.0659-02  ".5122-03 
-3.8745-02-3.1559-02  1.6O71-02  3.6405-02  8. 6553-03-2. 6279-02-1. 206..-02  1.4952-02 
-1.3692-04-7.7852-03  4.8400-03  1,2347-02-1. 0455-02-1. 32f,5-02 
SINE  COEFFICIENTS 


1.6258-02-1.1028-02-1.7076-02  7,4741-03  1.8364-02-3.5750-03 
SPAM  5  CIKVP  3  STEADY*  1.7249-02 

COSTNF  COEFFICIENTS 
-1.0366- 
6.8663' 

3 : 5646-04  1 ) 8438-03-1 ) 0066-0 3-7 ) 7 171-05-6 . 3023-03-2.4030-03 
5 IMF  COEFFICIENTS 

-7.7i*71 
1.2978 

4] 330 0-04-1 ! 3205-0 3-5,0378-0 3  4.5584-04  1.9017-03  i.68>j6-03 
SPAM  5  CIIOl’P  4  STEADY*  -1,4542-01 

-3^0921-01  1 19918-02- 1.7579-0 3  1.6344-02-4.7683-03  1 , 75g6-03-l , 1114-02-4 , 1561-03 
V.olH-ol  2 )  0821-03-6 )  0677-03-5,3122-0  3  1.9346-03  ?.86i8-04  ^  •°”?:°3-I*l5£T3 
1,4586-03-4.0434-03-3.7446-03  2.7397-03  4.9736-03-4.1642-0^-3.4761  03  1.80.0  03 
8.1934-04  1.2032-03  1. 1563-03-2. 2394-04-2, 0«91-03-l. 1739“03 
SIMF  COEFFICIENTS 
-2.1462-01-2.5651- 
8.0554-03  2.3363 

“1  *2h34"03  3i 96^0 — *  *-  ww  •  -  .  -*  •  ■  * 

1,9142-03  6.7271-04-8.4929-04-3,0162-04  4,4893-04  l,255z“03 
SPAM  5  CINVD  5  '  STEAOYM  -3.9769-01 

COSINE  COFFrlCTEIITS 
-1.2862-01-1.9108 
-2.9621-04-3.8906 

-2!7220-03  1 15626-03  3!3443-03-l, 2406-03-6. 7444-04-4, 24o3-04 

SIMF  COEFFICIENTS 


±k?_ 


TABLE  VII.  AERODYNAMIC  naTfl  _  l^KNOT,  DAGT-TO-wtsx  FLIGHT 


burst  mo.  *  ib  r^rnr  iimsc  miCiiEn  aijtpmt  **» 

BI.Ar.i  PITCH  HARMONICS 

1.2660101  3.5109800-5.4378000  ^COLLECTIVE.  LONOITUDIHaI-.  LATERAL  t’CSRECTI  VELYn 
ROTOR  FI  APR  I  NO  AHOt, F  HARMONICS 

1. 003**00-2. 4624-01-7, 6113-02  POSITIVE  TAIL  III6II  —  i)ECREESn 
OlFFEKEMTIAl  PR ESS"(YE  HARMONICS  FOR  4  CHORD  STATIONS  aT  EACH  OF  THC  5  SRAMS 
(•MEASURING  FROM  THE  LEANING  EDGE  AMI)  the  m-AOC  ROOT  RESi«ECTIVCLYn. 

SPAN  1  CHORD  1  STEADY*  1.5T17S0O 

COSINE  COEFFICIENTS 

-1.0399100  7 , 5633-0 1 - 3 . 7464 -0 1 -4 , 1 78  3- 02- 1 . 066  3-0 1  7. HIrI-02-7. 3632-02  3.7777-02 
-2.971*-0 2  3.2302-02-2.5103-02  6. 1458-03-2, fl?29-02  5.0230-03-2.0129-02  t. 3137-03 
-1,2622-02  5.3300-03  2.41*0-03  1,8297-05-1,6873-03  9.3*27-03-3.3102-03-1. 1375-03 
-7.6030-03-3. *906-03-2. 9614-03-0. 7*49-03-*, 5212-03  7,96t«-03 
SINE  COEFFICIENTS 

5.75*2-01-6.4023-03  3.0207-01  3.2403-02-6.0737-02  3. 53m2-02-6. 7961-03  1.9779-02 
-1 . 3562-02  0. 1093-03-7.7720-03-1 . 0063-02-1 . 5024-02-2.0009-02-4 . 7943-03-2 . 1094-02 
-3. 9237-03-2, 7471-02-1. 3277-02-1. 8036-02-2. 2321-03-1. 5Ot6-02  6.5961-03-7.9315-03 
4,3131-03  4.0235-0*  6.0»0*-03  1.5507-02-7,3364-04-2.41-54-03 
SPAN  1  CHORD  2  STEADY*  5.S89J..01 

COSINE  coefficients 

-3.2230-01  2. 47*4-01-1. 2910-01-1, 4341-02-3. 9060-02  1.01*0-02-3. 9342-02-7. T715-03 
-1.3762-02  9.0309-03-4.0694-03-1.0640-02-1.4714-02  1. 66)4-02  1.3429-03-1,1911-02 
-2.1694-02  2,4592-02  9.3097-03-3,3378-03  1.6177-02  3.200* -03-2.5141-03-4. 1192-03 
-3.1289-03-3.2610-03  3.1320-03-2.3436-02-2.2734-03-1.4139-03 
SINE  COEFFICIENTS 

3.2079-01-2.3604-02  1.0925-01-1. 5071-02-7. 9*92-03  2, 18)9-02-1 . 3650-03-1.5377-02 
-1.7590-02-2.1613-02-0.7594-04-7,1410-07  *  9563-02  2.3375-03  3. 0391-03-1. 26*7-02 
1.7237-02  3.8285-02  1.1167-02-1,9953-02  i . IORA-02-I .38*0-02  9.5293-03  1.3605-03 
-1.7750-02  1.1533-02-1.5677-02  2.4617-02-2.3343-02  !  .ft 6*3-03 
SPAN  1  CHORD  3  STEAOV*  2.5193-01 

COSINE  COEFFICIENTS 

-2.2264-01  1,0897-01-8.0707-02-2. 4400-02-2. 3587-02  1 .5721-02-9.4920-03  0.8229-03 
-4.2383-03  8.7*00-04-6.2239-03-2. 3416-03-3. 2l3S-0J-5.35?9-04-2. 7656-03-2. 2199-03 
-J.6l70r03  4.9137-04-1.3779-03  1.0264-03-1.1525-03-4.2563-04-1.5325-03-3.2430-03 
3.9779-04  *.6939-04  3.2734-03  2.4731-03  2. *884-03-3. 61**-03 
SINE  COEFFICIENTS 

1.5334-01-4,3676-02  3.2738-02  2.4771-03-1.5151-02  5.6092-03  4.8906-03  2.5545-03 
-*.1593-03-1.1162-03-1.6243-03-3.3369-03-5.2094-03-3.1826-03-4,8*66-03-5.7059-04 
-*,2043-03-4.0674-03-7.2*78-03-2.1026-04-4.6259-03-1.3689-03-2.3447-03  5.2117-04 
-4.720 1-00-2.272 3-0 3  2. 2204-03-*, 1002*03  1.0681-0*  1.4969-0* 


SPAN  1  CHORD  4 
COSINE  COEFFICIENTS 
0.0000  0.0000 

STEAD V* 

0.0000 

0,0000 

0.0000 

O.OOoO 

O.OOflO 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

O.OOpO 

O.OOftO 

0.0000 

0.0000 

0.0000 

o.oobo 

0.0000 

0.0000 

O.OOOO 

O.OOflO 

0.0000 

0,0000 

0.0000 

0.0000 

0.0000 

0.0000 

O.OOOO 

O.OOOO 

SINE  COEFFICIENTS 
0.0000.  0.0000 

0.0000 

0.0000 

0.0000 

O.OOOO 

0.0000 

0,0000 

0.0000 

0.0000 

0.0000 

0.0000 

O.OOQO 

o.oooO 

0.0000 

0,0000 

0.0000 

0.0000 

0,0000 

0,0000 

O.OOoO 

O.OOnO 

0,0000 

0,0000 

0.0000  0.0000 
SPAN  1  CIMpP  5 
COSINE  COEFFICIENTS 

0.0000 

STEADY* 

o.oooo 

1,1633-01 

O.OOoO 

O.OOqO 

*.00*2-03-3.6*20-02  7.6790-0*  3,6368-04-1 . 1146-03-1 .3*76-03-4,6976-04- t. 1290-03 
-1,00*4-03-1.1146-03-4.6778-04  1,2949-04  1 . 37i2-04-4 . 13 t 9-04-4.9333-0*  9.0107-04 
7.29*0-04  1.1592-03  9.7980-04-3,1639-04  1.3*90-04-3. 2772-04-7,3254-05  9.0275-05 
-3. 7*97-0*-*. 9621-0*  7.1931-04-3.0096-04  1,0*14-03  4.8562-04 
SINE  COEFFICIENTS 

4.9724-02  0.6151-03  3.9729-03-1.3977-03  1.6336-03-1.4067-03-3.8740-04-1.1129-0* 
3.1603-05-1.0105-03  5.8690-0*  6,9941-04  1,8522-03  7.56n6-04  1,9254-03-1,0231-03 
1.6002-03  6.4*80-0*  2. 51*4-03-6, 85*2-04-5. 3*02-05  3.2903-05-6,0223-04  1.5642-04 
-2.  U90-0*«l.*66v-03-8. 1897-05-7.4120-04-7. 1469-04  l,04?l-03 
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TART.F.  VII  -  Continued 


SPAN  2  CHORD  1 

cosine  coefficients 


steady:  4, 5323*00 


-1.7940-01  l.'bl9+00-3, 7709-01  3, 5856-Q1-2. 3206-01  1.4205-01  5,2185-02-1.5252-01 
8.2101-02'1.‘9&1"01  a,72ti9-02-9.2o7o-o2-7.2593-p3  1.9484-02-5,0856-02  4.2  22-02 
-6,1884-02  4,9370-02-2.7763-02-2,8632-02  2.0482-02-5,0281-02  1,9937-02-5.0475-02 
1.7240-02'S.83fl8"03-2, 7221-02  1.857l-02-3. 2156-02  2,1056-02 
SINE  COEFFICIENTS 


3.8236-01  3,8*j32-01  2, 4026-01-6. 20**3-0l-3'.4437-C‘2-l. 8838-01  1,1593-01-1.7658-01 
3. 8184-o2”I.2526"02-9. 8332-02  5,4902-02-9.0934-0.’  6,0470-02-6.2695-02-5.2664-03 
2. 8870-03-5, 6567“i)2  3.9*40-02-5.3496-02  2,7394-02-2.7976-02-1.7737-02  6.5670-03 
-4.7008-02  2, 9j39-02-4. 0*31-02  1 ,83l2-o2-l ,6535-02-4.7951-03 
SPAN  2  CHORD  2  STEADY=  1,8513*00 

cosine  coefficients 

4.5741-02  7.1327-01-1,0328-01  1 . 0908-ol-7. 879e-o2  4.9984-02  2.1732-02-6.5278-02 
2. 0718-02-1. 6030‘02  9,3353-03-1 ,2599-o2-t ,7281-02  7. 2o92-03-l. 5112-02-1. 300*-03 
-5.1626-03  8.5q96"04  3, 4789-03-2. ll51-02  1 ,2033-02-5o7802-03  4,0308-05-8.2477-03 
-1.7554-03  3, 9107-03-1.6‘‘04-03-4, 5673-03-6. 14  34-03-5,68  74-03 

sine  coefficients 

-4.2244-02  1.2129“01  1,0374-01-2,7166-01-3. 4589-02-4, 7420-02  3.6124-02-4.6882-02 
-9.5801-03  8.9860-03-3.7532-02  1 ,2442-02-l .2368-02  4. 56*5-03-1. 6Q3S-02-5. 9656-03 


8. 4553-03-2. l,28a-02  2,2579-02-1 ,2442-02-5. 3551-03-6. 0635-03-7. 8602-03-2. 1799-03 
-1.5682-02  1.5542-03  1.7*02-03-1 »9262-o3  2.0578-03-7,4908-03 
SPAN  2  CHORO  3  STEADYS  1.47U+00 

cosine  coefficients 

2.4704-02  3, *126-01-4.4450-02  3,6962-02-4.1617-02  3.4132-02  1 .4042-02-2. 6245-02 
-5. 8314-03-1. *7*8-03  1.0822-03-1 .0352-02-*. 1856-03  3.8450-03-4,8402-03-7.2371-03 
2.1947-05-0.9575-04-5,8525-03-6.8766-03  1 ,8852- j3-3. 1694-03-4 , 09*5-03-2. 3305-03 
-6.5034-03  I » I o54“ 03— 4 ,47 36—03  1.8706-03-5,0403-03-9.1576-04 
SINE  COEFFICIENTS 

1.5842-01  4.5420“02  7, 1085-02-1. 3907-ol-3.l7l9-02“l. 1098-02  3. 0212-03?! • 3929-02 
-1.3689-03-5. 3495-03-1.3900-02  3,2802-03-9.3908-09-1.8944-03-5.4201-03-5.3817-03 
2. 8228-03-1. 94*8-03-3,q780-03-2,720o-o3  1.5915-09-5.9690-04-2.1446-03-1.4655-03 
-3. 0303-03-6. *307-03-7. 1154-03-1. 8214-03-6. 8891-09-2. 1607-03 
SPAN  2  CHORD  4  STEADY=  3.3822-01 

cosine  coefficients 

-1.9818-01  2.*690-01  1.5157-02  1. 3185-02-2. 6935-02  1.7451-02  1.1716-02-4.0181-03 
-9,1603-03  4. 5397-03  7, B1&3-O4-3.6296-03-5, 1278-03  1.4X03-03  1.1162-03-6.7983-03 
3.0550-04“2.32l7-03  1. 3*82-03-3, 67l9-o3  7.9873-04  2.7478-04-2,5723-03-3.1964-03 
-4.1691-03-2.35*2-04-2.2709-03-8,7881-04-2,6000-03-4.3432-04 
SINE  coefficients 

-1. 9410-01-3* *8*5-02  7. 1949-03-7, 224l-02-8, 4870-03-5,4846-03-9, 8401-03-3. 7830-03 
-4. 8302-03*5, *1*6-03-4, 4*87-03-  8. 3279-o9  2.5732-03-3.8890-03-3,4916-04-3.5617-03 
-5. 7262-04-2. 7rI2-04-3. 7568-03- 1.9458-03-1, 0140-03  1,0643-03-1.4649-03-2.1168-03 
-2. 8634-04-4, 2q56“03*3. 4196-03-2.9870-03  1,5834-09-3.7106-03 
SPAN  2  CHORD  5  STEADY=  -2.1155-o1 

cosine  coefficients 

-2.9914-0 2  7,7(471-02  9. 5966-03-8, 5501-o4-6.0925-q3  4,0236-03  1.9076-03  1.5176-03 
-4.3965-03  5. O76I-03-9, 5919-04  2 ,9989-09-1 . 537M-03  3.2433-09  2.9475-03-5.8959-03 
9. 0923-04-1. 2299-03  2,8999-03-2 .3609-03-2, 1797-03  2,3583-03  1.5863-04-9.8643-09 
-3.2080-03  1,5213~03  1,0327-03-2, 0091-o3-5. 3994-09-1, 5626-03 
SINE  coefficients 

-2. 4134-01-9, 5372-03-7, 2578-03-1, 2976-02-6, 1165-09  7.4773-04-5.9536-03  1.4219-03 
-9. 5814-04-9. 2210"09-l,oIe9-09-3. 2805-03  1.9857-03-4,0377-03  1.3338-03-4.8830-04 
-9.9125-04  l,96l8"03-3, 5*92-03  2.6514-03-1.7683-03  8,1225-04-9.6392-04-6.8936-04 
1. 2423-n3-l. 2q70“03  1 .7130-03-1 .95«o-o3  1,5034-03-9,9697-04 
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TABLE  VII  -  Continued 


SPAN  3  CHORD  1 

cosine  coefficients 
1.4138+00  2.1ot>8+00- 
-6. 6271-02-7. 56I1“02 
5.3233-o2”«»#177“02 
1.3893-02  I.0J2V02- 
SINE  coefficients 
-2. 8365-fll  2.9^84-01 
-6. 5277-03-1. 2223-oi 
1.9832-02  2.9h**9-03- 
-5.6925-02  2.9227-02> 

SPAN  3  CHORD  2 

cosine  coefficients 

7.3224-01  9. 7(,  40-0 1- 
-4,54U-02“2.4172"02 
1.984 7-02-2. 2a ?9“02 
-1.1249-02  1.  <>539-02- 
SINE  COEFFICIENTS 
-1,3782+00  9,4754-02 
-3,835o-o3-2.8389-02 
-4. 3110-03-7. 8q95-o3« 
-1 .4254-02-1 .  M»-02 
SPAN  3  CHORO  3 
COSINE  CoeFFICjEnTs 
1.0924-01  1.4247-01 
2.8157-02  4.0777-03- 
-5.9611-03  2.3406-03 
2.9965-o3-B.3o86-03' 
SINE  COEFFICIENTS 
-5. 5620-02-1. 0047— 01- 
-4.4846-02  4,S2l2-02 
-1.7648-02-1.8207-02- 
9.6920-03  1.5205-03- 
SPAN  3  CHORD  4 

cosine  coefficients 
-1.9503-02  2.2l75-01 
-7.6758-03-4.7927-03- 
-2.3804-03  2. 9i 79-03- 
-8.5362-04  8,0716-04- 
SINE  COEffTCIEnTs 
-3. 0872-01-4,  S(,29-02 
-1 . 2553-02-2 . Og39-o3 
-4.9538-03-3,0933-03 
-1. 3585-03-2. 7404-03- 
SPAN  3  CHORD  5 
COSINE  COEFFICIENTS 
-7.0444-03  5.4987-02 
-1.4771-03  1,4s13-03- 
-2.2325-03  2.0083-03- 
-2. 1493-04-9. 6q03"05 
SINE  COEFFICIENTS 
-1.6845-01-1.5463-02- 
-5.0913-03  l.**o49-03 
-1. 6393-03-3. 3j42-03 
2.5164-03-2.7,98-03- 


STEAD7=  5,0899+00 

-9,6492-02  2.1610-01 
6,7105-02-8.4713-02- 
6,6572-03  3.4897-02- 
-4,9997-02  2, 3050-02- 

5,5342-01-6,8690-01- 
2.8109-02  2.7001-02- 
-6.6805-02  4.3095-02 
-4,0928-02-3.3545-02 
STEAOTS  2.0644-qI 

-4.1951-02-6.8101-02 
1.8268-02-1,7607-03- 
1,4638-02  5, 1401-03- 
9.9994-03-1.9597-02 

3,1306-01-2.8956-01- 
1.4671-03  1.0370-o2- 
-2.2010-02  9.5720-03 

1.4l52-02-l,076fc-o2- 

STEADY=  -2.5086-01 

6,1491-02  1,9672-qI- 
-3.9904-02-1.0752-02 
1.8043-02-1.0639-03- 
-1.0052-02-1,1824-03- 

-1.7288-01-9.3416-02 
1,6687-02-2.0263-02- 
-1,6176-03  1.367c.-02- 
-1.0973-02-4,3639-03- 
STEaOY=  -9,7465-02 

7,7990-03  i.542fl-05- 
-2.1867-03  2.2179-03- 
-6.8540-04-2.8700-03 
-5,3382-04-1.5172-03- 

3,8436-02-7,0371-02- 
1,2114-03  6,5886-04 
8.0487-04-6.9093-Q4- 
-6,7157-04-7.3131-04- 
STEADY=  -1,41*5-01 

8.3275-03-5,6936-04- 
-5,6299-04  3,bl66-03 
■1, 6198-03-7. 7031-04 
1.6276-03-1.1074-03- 

-7,8643-03-1.4858-02- 
5,3881-04-1.2166-03 
3, 0616-03-3, 5866-04- 
-2.1794-04  1.3682-Q4- 


1.3195-02-1,3131-01-4,7121-02  1.3861-01 
-2.5270-02  2.2284-02-1.0220-01-1.5459-02 
-4.6769-02  2,4652-02  2.6807-03-4.8205-02 
-1,3123-02-3,3012-02 

-3,0563-01  1.3176-01-1,1214-01-1 .6008-02 
-1,2797-01  6,9192-03  3.6768-02-9.2376-02 
4,2520-06-4,3883-02  3,4607-02-1.2844-02 
1 . 4907-02-3. 376b-02 

2,3821-02-4.9558-02  3,5084-03  5.8280-02 
-1,7963-02  1,6821-03-1.7803-02-1.4357-02 
■1 . 1363-02-7, 2808-03-3, 0931-03T8. 1221-03 
1.8293-03-9.8462-03 

-1.6408-01  3,1926-02-6.8949-02  1.3465-02 
-1.6497-02-1,5657-02  1.4066-02-2.6674-02 
2.1865-03-7,1203-03-2,2406-03  5.1142-03 
•8.9969-03-5,0944-03 

-9 , 7216-02-5 . 2597- 02  2 . 4 189-02- 1 . 5102-02 
4.8054-03  9,6268-03  4.2944-03-1.7091-02 
-4,6159-03-3,2004-03-5.8965-03  1,0888-02 
-2.2238-03  4,8815-03 

2 . 94  72-02-4 . 1 383-02-2 . 3998-03-2 . 5862-02 
-1.9109-02-6.8638-03  2.2457-02  1.0627-03 
-2.6654-03-5.2164-03-1.1699-02-9.3563-03 
-5,2852-03  1,8605-03 


2.0499-02  5,6832-03  1.2824-02-3.2823-04 
1.8914-03-3.7096-03  6.2222-04-1 .4324-03 
1.2895-0  3-1 .4736-04-1 . 6370-03  1 .2121-04 
2,3777-03  1,2178-03 

'3,1469-02-8,3436-03  9.8034-04  1.2894-03 
6. b393-o5-l. 3742-03  5.4131-04  1.2721-03 
■3.8331-03-3,4419-04-6.8970-04-4.1992-04 
1,4734-03-2,2124-03 


•6.7115-Q3  2.5331-03  4,0079-03  6.6472-05 
1,9017-03-1.7697-03  2.3289-03  6.0481-04 
1.5405-03-9,5990-04-1.8487-03  3.3569-03 
-1.7796-03  1,9140-03 

-2.2990-03-4.3885-03-1 , 1468-03rl . 1737-03 
7.7595-04-2.5135-03-1.8020-03  2.6280-03 
-2,1033-03  6.9686-04-2.2744-03-9.6398-04 
-2.1097-03-7.1681-04 


TAELE  VII  -  Continued 


SPAN  4  CHORD  1 
COSINE  COBFFlcIeNTs 

1.9715*00  1.7273*00  1.45|o-01 
-1.3054-02  2. 2l9l-02-2. 7233-02- 
1.5209-02  2. **O<>3-02-3. 2921-02- 
2. 2750-02-8. 3650"03-2. 8257-02 
SINE  COEFFICIENTS 
-1.7004*00-4. 9i07-01-1. 6725-01- 
-1. 0367-0i-5. 7492-02  2,46b7-02 
-2.5114-02  2.1249-02  1,0795-02- 
-1.8994-03  8. 2i23-03-2. 4198-02- 
SPAN  4  CHORO  2  sTEaDVS 

COSINE  C0EFPIcI£NTs 
1.2423+00  7.6758-01-1,6780-01 
4.7550-02  5.4782-02-5,6047-02- 
1.6422-02-8.3394-03-4,2393-03- 
7,1466-03  8. 2349-03-7. Q4Q5-03 
SINE  COEFFICIENTS 
-9.7625-01  1,0403-01  1.2**b6-01- 
-9.3400-02  3.4776-02  6,3129-03 
7.2172-03  4, 7534-03-l, 0973-02- 
-2.4989-02  2.3262-04-6,57i9-03- 
SPAN  4  CHORD  3  STEADY= 

COSINE  COEFFICIENTS 
4,4963-01  8.3456-02-2.3J13-02 
-1. 0639-01-5. 3q7o-02  8.45&6-02 
-5.7450-02  4,5283-02  1,1*28-01 
1.1933-02  6.15*9-02  5.6549-04 
SINE  COEFFICIENTS 
-1. 7907-01-1. 7o07-01-l, 5906-01 
4.3062-02-1.4499-01-3.7597-02 
-3.2716-02-1.0252-01  3.1659-02 
-3.3781-02  2.8e86-04  5.4li5-Q2 
SPAN  4  CHORD  4  STEaoys  ' 

COSINE  COBFFICiEnTs 
8.6545-02  2,5g26-0l  1.70o2-02' 
7. 9514-03-1. 0l62-02  2,56o2-03 
-7.3830-03  5.606o-o4  6.77&9-03 
5.6189-03  7,6473-03-3,1342-03 
SINE  COEFFICIENTS 
-6. 0061-01-6. 4250"02  7.1578-02 
3 . 6648-03-2 . 9450-03- 1 . 2587-02 
1. 9772-03-1. 0i9S-02  1.U08-02 
-4.3462-03  1.2799-03  4,6337-04 
SPAN  4  CHORO  5  STEAOY= 

cosine  coefficients 
-7.9665-02  2.81OI-02  9.7941-03 
1.1706-03  8,0555-04  2.0628-03 
-1.1364-03  4.8706-03  6,4804-03 
1.5034-03  1.4787-03-1.4458-04 
SINE  COEFFICIENTS 
-2.2812-03-3. 027l-Q2  8.6824-03 
1.4639-03  3, 8227-03-3. 3329-03 
2. 6779-0S-2. 1302-03-2. 1474-03 
-9.8096-03-3. 3Bb6"03  2.6719-03 


STEAOYS  4,3236+qO 


3,6523-01-1.8989-01-7.0262-02-5.0374-02-8.1551-02 
8.86l9-o2  3.8543-03  5,8714-02-5.2274-03-4.7682-02 
3,10*9-02  7,6739-03-1.2409-02-3,8463-02  1.0477-02 
1,2685-02  5.6627-03-2.9764-02 

4.0294-01-3,8747-01-1 ,6028-01  3,3269-02  5.9933-02 
3,2600-02-3, 3191-02-2.6417-04  1.0415-03-5.0303-02 
5,2152-02-2 . 5693-1,2  2.2832-02- 1 . 0688-02-3.2052-02 
■3,3753-02  8,7118-03-3.2610-03 
1,2050+80 


2,2126-01-7.3795-02-1,6345-01-4.6459-03  6.9424-02 
7,0378-03-2,1291-02-4,0789-02  2.4843-02-2.8320-02 
2.2262-02-1.6288-02  2, .-32*0-02-1, 6970-02-1 .0356-02 
2,9085-04  4,6294-03-5,27^4-03 
1.0717*00 

1.0889-01  1.7004-02  2.1714-02  1.1169-02  Y. 4136-02 
-9.4600-03  7,3584-02  4.3102-02-8.7931-02-3.8947-02 
-2,5284-02  2.1506-03-3,0745-02-5,0018-02  7.3130-03 
-3, 3694-02-2. 1095-02-1, 3396-02 

•1.5639-01-9,7307-02  2,1396-02  2.6342-02  9.0315-02 
1.4058-02-2. 7820-02  1.02«4-01  2,3038-02-2.3630-02 
4.4045-02  4,6705-03  4, 4Q70-02-3. 0891-02-3. 5992-02 
6.3574-03-9. 3105-03-2. 6S33-&2 
■9,9500-82 


■9. 5353-03-4, 4522-02-1. 0975-02-5. 446V  u,  ?.>^;*9-o3 
9,0692-o3  1.1790-02-4,9902-03-4,9866-  4 

4. 2796-o**-6. 5972-03  2,0631-03  4,8269-.  2  ,’  75-03 

5,8436-03  3.5674-03  2.1539-03 
5,2357-01 

3.3593-03-6.3725-03  1.4941-03  2.8592-03- ... 4455-04 
2.3l76-o3  1.6306-03  2.6175-04  2,1273-05  2.1280-03 
3. 4328-03-2. 6707-03  1.7490-03-1.6357-03  4.9562-03 
5, 04lO-03-2. 3900-03  5.5268-03 

9.6914-03-4. 3660-03  1.0240-03  1.6224-03  2.3124-04 
6.3064-03  4.7951-03-2.8931-03-7,5772-04  6.5209-03 
4.2896-03-2.6924-03-6,7841-03  1.5857-03  6.7580-03 
2.6Q86-05-3. 3305-03  1.6305-03 


'PAnrv  vtt 


-i ..  j  -  -a 


SPAN  5  ChORO  1 
COSINE  CoeFFic!ENTS 
2.0919*00  l.*»o*»*00 
-1 . 3519“01"9«8(j06“02” 
-S.6323-ofl“1.22tt8"02 
-A. 1520-02  2.5l»S“02 
SINE  COEffICIE|.,Ts 
-1.2370*o0”5.8802-01- 
-8 . 7805-02-1  .<>219-01- 
-6. 2966-02“!. 39?5-01- 
-1.8672-02-5.  '*239-02- 
SPAN  5  CHORO  2 
COSINE  COEPFIcltNTS 
2.2748-01  3,<>384-01- 
-3, 0325-0  3-9  » **600-02 
-6. 4468-02-1. 1217-02- 

-1.3501-02-9.  **4l«-03- 
SINE  COEFFlClE|.|TS 
-2.4403-01  7. **926-02 
6. 684 0-02-2. 7?79-02* 
1. 7434-02*1. **4l2“02 
2. 5462-02-7. 7t»3-04 
SPAN  5  CHORD  3 

cosine  coefficients 
-3.4178-01  2.2b  36— 01" 
-7. 3469-02-1. 2066-02 
7. 3391-02-1. 32**6-02- 
-4 . 6243-02-1 . 2566-02 
-INE  COEffICIEnTS 
-5 . 1914-01-2 . Ob36“01 
-1. 3380-02-1* 6750-01- 
'■.3211-02  7.A4O9-02 
3.7095-03-3. l5&**”02- 
SPAN  5  CHORD  4 
COSINE  CoaFFlCjENTs 
-3.9314-01  7.0409-02 
6.0007-03  7,745l-04- 
-6.1496-04-8.2977-04- 
-1.7413-03  2.0535-03- 
5INE  COEffIC1EhTS 
-2.6216-01-7,5712-02 
4,7052-03  3,6956-03- 

-1. 4684-03-3. 7i60-05 
-1. 8165-04*7. 3b82-04 
SPAN  5  CHORD  5 

cosine  coefficients 

-1. 6340-01-2. 7!09-03- 
3.1469-03  7.5b04“03 
-7.8810-04  3,3b14-04- 
3. 0705-03-8. 3413-04 
SINE  COEFFICIENTS 
-2. 4782-01-2. 3fa98-02 
4.1839-03  S. 67l0-Q4< 
3.3750-03  6,7b22-o3 
1.1255-03  1.39**7-03- 


STEAOrs  3.8522400 


2.9130-01 

1.2932-02- 

5,4187-02 

4,0744-02 

4.2915-01- 

4.8759-02 

1.0505-01- 

l,2**S8-02 

STEAOYS 

3,2215-01- 

2.4410-02 

1.3**8O-02- 

■9,2**55-03- 

1,7887-01- 

■8,0613-02 

1.4598-02- 

1.5776-02- 

STEAOY= 

■3,2560-02- 

1.8852-01 

■5.0218-02- 

1.2377-02 

1,7745-01- 
■4,9251-02 
1.7776-02- 
■2.8**56-02- 
STEADY?  ■ 

2,5**96-03 

•2.1974-04- 

■l,l**22-04 

■5.2038-04- 

4,1631-02 

•5,8810-03- 
1,1852-03 
9. 6047-04- 
STEAOYS  - 

•7.3843-03 

4,7359-03 

■6,9932-03 

2.2771-03 

2,4086-02 
■3,1119-03- 
2, 39QO-03" 
•2, 4**  36— 04 


5.0501-01-3,9004-02-1.3974-01-5,7719-02-9,3646-02 
■3.3734-02-7.0961-02-3,9397-02  9.3866-02  4.2265-02 
2. 1286-02-7. 2295-02-5. 3138-02-8. 8187-03-7. 2273-03 
5.4266-03-1.5099-02  1.1267-02 

6, 20  79-0 1-1*.  797  6-0 1-3. 60  31-0 1-2, 27  04-0 1-2 ,8163-02 
1, 1078-0 1  5. 3981-02-1. 5o28-01'-5, 9752-02-2. 5220-02 
3,4907-02-7.2623-o2-8.8903-02-3,9709-02  1.9106-02 
9, 1485-03-2. 661 1-02-4, 6692-02 
1.1609*00 

1.9H7-ol  1.6325-01  1.9713-01-3.1060-02-1.1201-02 
4,6282-03-9.4527-02  3.8611-02  1.3153-01  8.1431-03 
3,6093-02-1.2164-02  1.2793-02  4,2200-02  2.3797-02 
3, 96Bo-o2-2. 1732-02  2.5066-02 

3.8162-01-3.4686-01  7,4007-02  1.1341-01  3.6621-02 
5. 954fl-02-2. 2783-02-1. 2342-01  6.1039-03  9.4822-02 
1.2096-02-4, 8456-02-4. 0312-02-1. 0275-02  2.8816-02 
3.3395-03-**.  1172-02-3.2656-02 
1,8184-01 

l.**fll3-0l  9.7603-02  1.7576-01-1.1957-01-6.8889-02 
4.9582-02-8.9640-02-7,5880-02-3.5698-02  6.7314-02 
2.4489-0 2  1.2512-03  2.3562-02  4.1121-02-7.9562-03 
3.5705-02  1.0164-02-2,4814-02 

1,1459-01-2.3937-01  1.5470-01  1.3532-01-7.8029-04 
1.6154-qI  7.4310-02-1.2855-02-8.5447-02-7.4803-02 
3,1357-02-3,4416-02-2.6320-02  1,6348-02  5.1677-02 
5,1743-03  3,6051-02  2.0964-02 
1.9193-01 

3.6392-03-2,7981-02  1,0094-03-7.9245-03-8.4421-04 
1.0170-83-1. 0344-03  4,Iq36-03  9.9115-04-1.7013-04 
3.4584-04  1.8544-03  1,4052-03-4.3563-03-6.9525-05 
1.16&e-o3  8,2218-05  1.5667-03 

6, O684-0 3-8, 74 12-0 3-5, 8244-03-3, 0011-03  7.3681-03 
2.7o5l-o3  1,5559-03  2,8o9i-03  2 ,6170-03t2. 5764-03 
1.<*53b-o3-2,071o-03  1.2430-03  6.3242-04  3.6152-04 
1, 9318-03-7, 8798-0**  1.3296-03 
4,3901-01 

4,0004-03-1,0941-02  1.5422-02-2.6676-03-4.3488-03 
2.91l2-o3  1,3975-02-2.4671-02-2.8420-03-3.4610-03 
6.8667-05  7.0719-03-8,3436-05-1.5762-03  2.3385-04 
1,7025-03  3,0090-03  2.5441-03 

2,7757-02-7.9320-03-9,5922-03  5.20**3-03  5.1507-03 
-1,6578-02-9,7995-03  4.0075-02  1.2444-02  1,9845-04 
-2,0297-03  7,9301-0**  3.3486-03  4,8541-04  1.2148-03 
3,8726-03  8,2530-0**  4,5212-03 


not  reproducible 


TABLE  VIII.  AERODYNAMIC  DATA  -  lLO-KHOT,  WEST-TO-EAST  FLIGHT 


bupst  m.j.  «  23  ♦  r^Ti'r  I’f-iv:  r*« h-!Ci iTi i  'ti -t  *»♦ 

81  apf  PfTrM  i i f o«; 

1.2496/101  3.  1925*04-5. -VjansoO  HC'I  I.FCT  t  >.‘F .  L'.';(iITniit:|«l  .  »  /ITP'/M  irSPFcTf  V'D  >»! 
RATrio  .-|  APi’rnr  aiic.i  r  1  tcs 

l.MMOOiOvi  2 . 4A2 a-ii i  n.onon  *|V>S;TIVF  ta ti.  :ilr,!,  --  uEcPpEOn 
oirrc'*.rnTt'.i  f'prss"n.  i .'AiiMPM icr.  r«r  ■.  ci!*>pn  Stations  at  Cacii  or  me  s  spans 
KMrA'i'TniA  rPPM  rnr  ihAi'inn  Eure  /.m>  me  hi  age  popt  respCcTivei  au. 

SPAM  1  1  GTE AMr  M  1.4340*00 

rpcmr  roFrrTCTFi"5 

-9.787..-01  7.  l‘IP4-0t-S.O6d4-Ol-4. 4994-02-1.3330-01  6. 323’'-02-fl. 6694-02  1.0650-02 
-*• .  3060-02  ?  .  364  1-02-4 .3362-02-5.397/3-03- 3 .  S“59-0?-4  .  5n»“-04-2 .4361  -02-4  . 5592-0 j 
-2.6277-02  J .  021 3-113-7 ,7479-03  1 .  1614-02— 5.  tClr>-03  t.37'.3-02  1 , 00“3-02-9 . 0250-03 
-2.1242-04  1 .0761-03-4. 4748-03-3,7920-03-4.;’ 746-03-9.  78o0-Q3 
si mi*  corrr-cirNTS 

6 . 6  3*19-0 1  0.2402-02  3. 4903-01  1.1666-01*3.2466-0?  6.2no6-Q2  7.5724-03  3.6340-02 
5052-03  2.4070-02  3.0347-03  7.2457-03  4  . i<c»80-0S-5 . 34i(0-03-9 . 9445-04-2. 29 15-02 
-1 .451 7-02-2. 560 1-02-3. 7142-03-2. 4 937-02-4. 1.951-03-1 . 49', 4-02  5.9414-03-1.5957-02 
-3.61 72-03-1 . 1595-02  7.7  * -03-4.0906-04-0.9636-03-1 . 36c>5-02 

SPAM  1  rilPl'P  2  STi:Ar'VH  5.4473-01 

ppsTur  eppprif ’Fins 

-3.0225-01  2.  VOO-o  1-1 .1553-01-2.6729-02-5.5099-02  4.2  Jn*->-03-4. 6233-02-2. 0659-03 
-2.0946-02  2.3396-03  1 . 794 3-0 3- 1 , 6329-02-9 .56 34-0 3  3.3M?7-02  1.6926-02-3.6135-02 
-1.4705-02  3.4336-0?  2.4504-03  1.7907-02  9.7563-03  4. 47'-, 1-03  1.9  707-02-5.8314-03 
1  .'>566-02-3. 4013-0 3  1.1 294-02-1. 4393-02-6. 71 43-0 3-2.2  3i  “-02 
siMr  mrrrTctFNTS 

3.5927-01  1  .0530-02  1  .5153-01  4.3632-02  1.7294-0?  4,40r/»-02  2.6090-02  1.7979-02 
1.3407-02  7.3994-03  1.7632-02  t  .24 34-02-5 . 31 40-0  3  3.371*5-04-1.9562-02-1.3494-0? 
4  «  7696—03  3.7295-03  2 . 0920-02-4 . 1 943-03- 1 . 3032-02-5. 1 5i 8-03  7.4970-03-1.4612-02 
1.2303-02-1. 9440-02  1.3237-02-1.3341-02-8.1526-03-8.5740-03 
SPAM  1  FIKVP  3  jT2Ar,T«  1.7920-01 

OPS  TUI*  COEPrTCTFIIlS 

—  1  .“004—01  1.7951-01-6. 6939-02-1. 7?4Q_02-3. 0073-02  t .  72'. 3-02- 1 . 50 1 7-02  5.4770-03 
-9.9020-03  1 . 1530-O3-4, 9426-03-5. 6295-03- 3. 9304-03-1. 92(6-03-3. 705 1-03-5. 1657-03 
-9. 2319-04-?. 8435-03-1. 4195-05  2.5970-03  4.3019-06  2.6340-03-6.7947-04  1.4290-03 
2.5207-03  3.  1129-00  1.4623-04-3.9497-03-1.2532-03  l.O«n0-O3 
SI  Mr  COFFFTc TENTS 

1.9545-01-1.6215-02  9.4336-02  3.0963-02-1.1531-02  1.6131-02  7,2011-03  6.9570-03 
-1.6345-03  4.6550-03  2.4042-03  1.5022-03  2 , 0596-03- 1 . 94f,‘*—  03- 1 , 668 1-0 3- 1 . 3205-03 
-9. 3347-04-4. 3646-03-2. 72O9-04-2, 5429-03-9. 4850-04 -3. 04 36-03-3.4701-03-3.0967-03 
-3.3171-03  1  . 5105-05  7.7675-04  2.2507-03- 1 ,5983-03  5.49iO-04 


SPAN  1 

CIlOl’P  4 

STEA'rM 

0.0000 

rPSTnr  coFFr'CTpnre 

0.0000 

0.0000 

0.0000 

0.9004 

o.oooo 

O.dOoO 

O.onnO 

0.0000 

0.0000 

0.0000 

O.QOOO 

O.OOOQ 

O.0O0O 

O.OOnO 

0.0000 

Q.OOUO 

0.0000 

0.0000 

0.0000 

0.0000 

0,9000 

O.onnO 

0.0000 

O.OOOO 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

O.OOnO 

siMr  corrr t r  tents 

0.0000 

0.0000 

0.0000 

0 . 0000 

0.0000 

o.oooo 

O.OOoO 

0.0000 

A. 0000 

0.0000 

9. 0008 

0.0000 

0.1)000 

O.onnO 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0,0000 

0.0000 

O.OOnO 

0.0000 

o.oooo 

0.0060 

0.0000 

0.0000 

0.0000 

O.0O0O 

O.OOnO 

SPAN  1 

CIIP|‘P  5 

STEALS 

2,0679-01 

fpstmF  r4FF|  ictfii'5 

9,40 34—03-3 .4404—112  2.5640-03-1.2759-03  1.0745-03-1.7330-03  4.0416-05-9.6213-04 
6 , 14** I  —  04  0,6005-00  7.7133-04  6.7053-04  1.76i4-04  8.4  534-04-1.0271-04  8.630o-0<i 
- 1 . 0754-04*1 . 7472-04-5 , '044-04- l . I 281-05-4. 3074-04-2.301 0-04  9.25“2-04  9.0275-05 
8.0976-04  4,6660-04  1.5011-03  9,7413-04  7, 1 062-04-7 . 43?2-04 
S IMF*  CrrrrTcIENTS 

3.0294-02  7.3432-03  1, 27 10-0 3-3. 2609-03-4. I “76-04 -l.U9?O-03- 1.4269-04- 1.1829-03 
1 .1134-04-9.777,3-04  3.5134-04  1.3716-04  1.0734-03  l.63'.O-04  4.0294-04-1.3103-03 
-2  .  ?  400- 04-5, 8  >66-04-7.7723-04  1.2986-03  l,?4s0-03  I.OOrt^-OS  1.3752-03  7.0203-04 
1.1,204-03  5.5493-04-2.7703-04  1.7452-04  1 ,0  746-04-9 . 2  3>/’-04 
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TABLE  VIII  -  Continued 


SPAN  3  Cii<VO  X  STEADY* 

COStfie  COEFFICIENTS 
1  >0001100  1. 0307*00  5.2049-02 
-0. 0353-02-7. 2S09-02  5.3413-02- 
4 . 0420-02-* . 3333-02-1 . 324  3-02 
1.6513*02  1.0343-02-2.3604-02 

sine  coefficients 

-2.3370-01  0.2333-01  3,7133-01- 
4.0900^02-3.2460-02  7.7066-02 
1.5063-02  1.2420-02-3.0604-02 
-1.7933-02  3. 9379-02-0. 2427-03- 
SPAN  3  ClWpn  2  STEADY1* 

COSIfjC  COEFFICIENTS 
0.0715-01  8.1767-01  1.2930-02- 
-4.0292^02-2.7690-02  3.3123-02- 
—4 . 0312*03-9.1519—03—3.0938-03 
-3.8163-03-0.2246-03-1.1717-03 
SINE  COEFFICIENTS 
-1.3393000  2.0893-01  2.7736-01- 
3.4537*02-1.4725-02  3.2937-02 
1.4904-01  2.1233-03  0.1790-03- 
-7,0037-03  3.4520-03-1.3370-02 
SPAN  3  CH0|>p  3  STEADY* 

COSINE  COErFICTEIITS 
1.9773-01  4.0129-01  4.1139-03 
-3.0390-02-3.1084-02  4.8011-03 
-2 . 8074-03-9 . 7232-04-7 .3075-03 
0.7486-03-4.0983-03  3.2097-04 
S1NF  COEFFICIENTS 
-4.4021-01  3.3334-02  6.2307-02- 
1 . 8282-02-2 . 4941-03-2.3393-03 
-4.9300-03  3.0683-03  1.8330-03- 
-1.0932-03  4.3912-03-3.4102-04 
SPAN  3  CMOpn  4  STEADY*  - 

COSINE  COEFFICIENTS 
-3.1939-03  1.9091-01  2.6035-02 
-8,2419-03-4.1849-03  0.3741-04 
-1.9880-03  3.3397-0*  1.8302-03- 
1,7432-03  1.0529-04-3.2711-03 
SINE  COEFFICIENTS 
-2.7100-01-2.0818-02  4.0086-02' 
-2.5374-03  2.3160-03  5.1430-03- 
-2.6283-03-2,2110-0*  3.331S-03 
-1.1103-03  1.1472-03  3,7940-04 
SPAM  3  CNOpr  5  STEADY*  ■ 

fosotc  cofrric tents 

-8.8293-03  3.0322-02  9.2771-03- 
0093-0*  1,1061-03  2.5304-0* 
-2.4278-03  4.0725-0*  2.2250-03- 
7.4764-04-1.1075-03  1.1193-03- 
SINE  COEFFICIENTS 
-1.5570-01-1. 1072-02-3. 9127-03- 
-3.3562-03  1.3344-03  1.2720-03- 
-1.1094-03-1.0041-03  1.0442-03 
5 . 2330-04-1 . 3243-03-1.2978-03 


4.6217000 

1.0*07-01-9.8670-02- 
2.4396-02-1.8795-02 
3,3035-02-2 . 7206-02 
2.3913-02  1.2209-02- 

-4.6036-01-1.6930-01 
4.9028-02-5.0260-02 
3.3421-02  3.4737-03- 
-1.7330-02  2.1563-02- 
1.0838-01 


0.9903-02-1.4609-02- 
t. 9776-02-4. 4062-03 
1.3010-02-1. 79H-03- 
1.3649-02  1.0030-03- 

-1,0121-01-1.1014-01 
1.7144-02-3.2413-02 
-0.3939-03  1.1030-02- 
6.3376-03  1.2524-02- 
1.2898000 

2.4804-02-3.0772-02- 
1.3235-02-1. 6099-03- 
2.6024-03  2.8005-03- 
3. 9740-03  4.0192-03- 

-1.2981-01-1.0605-02 
1.3127-04  6.1738-03- 
-3.3367-04-1.4004-03 
1,3630-03-7.1906-04 
-3.0369-01 

3.1220-03-2.5171-02 
3.6287-03  1.7223-03- 
-1.2542-04  1.2022-03- 
3.7247-03-3.0346-0* 

-*.0317-02-1.1121-02- 
-3.603S-O4  1.9382-0* 
1,1239-03-1. 3339-05- 
2. 4210-03-2. 798*-0* 
-2.2170-01 

-1.3756-04-4.4485-03 
2.4374-03  2.2322-03- 
-1.0059-03  1.5810-03- 
-4,6276-04-7.7219-04 

-9.8178-03  2.5236-03- 
•2.3183-03  4 •  l5l3-04- 
1,5776-03-5. 56^8-04 
1.024S-03-1. 5675-03 


3 . 554 1 -02-4 » 96*0-02  1.0797-Oi 
3. 05*1-02-4. 7627-02  5.4402-03 
9,6970-03  1.4385-02-2.0209-02 
■  1 , 97*2-02 

1. 04 t*-0 l -1.2249-02  2.1414-02 
4,4282-02  4.6335-02-5.0288-02 
•3.3670-02  4.3713-04  0.3506-03 
■l,l34*-04 

■7. 52* 3-0 3- 1.60*6-02  ‘5,4032-02 
6.9642-03-1.3602-02  6.7630-03 
-1. 15*1-02  1.0676-02  1.5455-03 
■1.3642-03 

5.4737-02-1,8444-02  2.4006-03 
2. 14*5-02  1.25*7-02  2.2703-03 
-9. 63*3-03-1. 0806-04  2.0674-02 
6.5080-04 


■2. 9500-02  4.1375-03  3.6126-02 
•1.13*0-02  3.2304-03  5.5201-03 
-7.6On2-03  2.6116-03  2.4310-03 
•0.2940-04 

1.75*2-02-2.3333-02  7.1304-03 
•1.96t*-03  2.6927-03-1.2166-03 
2.65*2-03  1.2755-03  2.9251-04 
4.91*0-03 


4.31J*-03  1.0260-02  5.4775-03 
•9.1471-04  5.4767-04-7.1306-05 
•1.307^-03-2.6618-04  6.0613-04 
1. 75*7-03 

•4,0230-03  1.0675-03  4.6834-03 
2.004^-03  3.5421-03  2.0969-03 
•5.39*6-05  1.2610-04  1.6797-03 
1.0170-04 


1.93ft*-03  2. 4801-03-3. 1585-04 
•8.351 1-04  2,5039-03  0,0304-04 
•1.8873-03-1.7008-03  1.3420-03 
l. 84*6-03 

•2, 88?0-03-6, 2447-04-2. 2192-03 
•5,23*7-04-2. 0933-05  3,2302-03 
1.29*0-03  2.0637-04  1.0734-03 
1.4037-05 
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TABLE  VIII  -  Continued 


SPAN  4  CIIO|>p  1  STEADY#  3.7895800 

CPS  IMF  COEFFICIENTS 

2. 047**00  1.5019800  1.8422-01  3.2356-01-1.9702-01-7. 0542-02-2. 1020-02-4.0640-02 
-1.0936-02  1.7241-02-2.1046-02-5.4869-02  7.9125-03  6.43n0-02  6.8371-03-4.3788-02 
1.6008-02  3.7613-02  4.6565-03-1.9309-02  1.0507-02  1.60q9-08-1. 1713-02-4. 0824-03 
3.2483*02  6.9130-03-2.1804-02  9.9147-03  2. 5404-02-4. 84l5-03 
SINE  COEFFICIENTS 

-1.6729800-1.1049-01  6.3047-03-3.0514-01-2. 1896-01-5.80*5-02  6.3013-02  1.0773-01 
-6.6723-02-4.4623-02  6.8065-02  5.5311-02-1.0264-02  2.49ol-03  1 .7918-02-1. 3609-03 
-7.7359-03  1.5439-02  2.0411-02-2.8174-02-1.4582-02  3.0693-02  9.0972-03-1,4258-02 
-5.2369-03  2.7654-02  7.6240-03-2.8823-02  5.2808-03  2.70r,5-02 
SPAN  4  CHO|>r  2  STEADY1#  9.8028-01 

COSINE  COEFFICIENTS 

1.3530800  7.8215-01-1.8164-01  6.5023-02-1.0137-01-7.1291-02  6.0045-02-1.3510-02 
7,1105-03  4.7708-02-3.4233-02-4,7332-02  6.4499-03  5.9972-02  4.1789-04-5,5356-02 
2.1016402  1.4951-02-1.4779-02  1.0436-02-9. 5479-03-2. 46*6-04-4. 3784-03-2. 4836-03 
8.9736-03  1.6963-03  1.1215-02-6.8452-03-3.8983-03  9.3964-04 
SINE  COEFFICIENTS 

-1.1260800  3.1550-01  2.2570-01-2.2306-01-5.4271-02-9.74*0-02-2.7053-03  8,7143-02 
-5.6545-02  3.8218-03  5,8280-02  4,2863-03-3.1031-02-1.6243-02  3.7705-02-4.8232-03 
-1.0516-02  2. 6881-02-2. 1177-03-9. 4070-03-7. 1900-04-1. 6U®-03  4,6313-03-1.0013-02 
-1.6807-03  1.8900-0*  9.7946-03  2.1420-02-8.8502-03  1.48*51-03 
SPAN  4  CMOpn  3  STEaDT*  8. 4055-01 

COS INF  COEFFICIENTS 

5.5892-01  7.6080-02-5.9357-02  2. 2438-01-2. 3*54-02-1. 81*3-02  2.0309-02-5.6504-02 
-2.3723-02-1.9427-02  1.9630*02  9.8881-02-1. 1632-03-5. 17*5-02-2. 5610-02-4, 5115-02 
2.9646^02  6.0755-02-5.7273-03  5. 0533-03-4. l427-02-4.38j>6-02  4.0077-02  3.T977-0* 
3.5962-03  1.2038-03-2.9210-02-6.2328-03  1,4205-02  1.27?3-02 
SINE  COEFFICIENTS 

-3.2608-01  3.1929-02-L.882S-01-1.46O4-OI  4.4392-02-9.5691-03  7.5014-02  6.4851-02 
-5.0713-02-3.8565-02-6.1764-02  3.4147-02  1.0315-01  4.1141-03-1.2149-02-3.4224-02 
-5.7165-02  2.3195-02  2,5554-02  2.6508-02  3. 5528-02-4. 94o6-02-5. 0322-02  1.5481-02 
2.2320-02  2.7914-02  5.5079-03-2.7301-02-1.1328-02-1.0362-02 
SPAM  4  CNOl’P  4  STEADY#  -1,5639-01 

COSINE  COEFFICIENTS 

0.4512-02  1.9730-01  3.7625-02-9,5393-03-3.0487-02  9.4T?3-04  6.2888-03  3.4871-03 
7.7535-03-4,6734-03-3.1819-03-3.3633-03  4.1013-03  5. 48o3-03-4. 4425-03-2.9507-03 
-7.8875-04-3.0539-03  3.4600-03  4.4365-03-3. t403-0S-6.403®-04  7.1387-04  1.3199-03 
-4.5696-03-1.3301-03  6.2033-03  4.7143-03-3.0054-03  6.1365-04 
SINE  COEFFICIENTS 

-5.1966-01-4.5289-02  5,2622-02  3.0745-03-2. 5181-02-9. 83g6-03  4.5428-03  8.4908-03 
2.2244-04  4.2285-04-1,7814-03  3.2938-03  1. 7931-03-1. 7ftn9-03  1,2030-03-1.8337-03 
2.7959-03-3.0183-04-2.5036-03-5.1321-03  7.2513-03  2.24*0-03  1.3647-03  2.0782-04 
1.2286-03-4.4634-03-1.1706-03  2.6976-03-1. l6ai-03-1.34?5-03 
SPAN  4  CHOW  5  STEAPY4  -5.5243-01 

COSINE  COEFFICIENTS 

-8.5499-02  2.1206-02  1. 1100-02-2. «795-03-4. 5067-03  3.0733-03  1.3211-03-7.6966-04 
1.0747-03-3.6383-03-1.8011-04-4.3083-04  3.1180-03  2.30*6-03  4.3511-04-3.5361-04 
-8.1*913-04-1.4498-03  5. 6174-04-3. 3064-03-7. 1377-03-4. 69ql-03  3.9933-03  3.0580-03 
-5.9295-03-1.6693-03-1,1440-03-4,3379-03  3.5448-03  9.47(*9-03 
SINE  COEFFICIENTS 

-2.0677^01-2.8514-02  6.4653-03  7.9050-03-2.6037-03  8.9366-04-7.3615-04  4.1049-03 
1.9244-03-7.9017-04-3.5772-03  6,9699-04  l. 0306-03-7. 27r,2-03  2.5070-03  1,7779-04 
-2.1302603-6.6663-84-2.1447-03  1,7038-03-6. 0347-03-2. 4n<»2-03  7.2012-03-9.1320-04 
-5.0709-03-8.2222-04  2,9074-03  2.2186-03  7.8190-03  6.46qO-03 
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sr/\fl  5  CN'VP  J  jTF  Ar,Y  tt  3 ,  64l>7600 

(■"STur  c^rrricTFtito 


2.0277400  1.3024*00  2.2601-01  4 .  192J-0 1- 1  .4887-02-6 . 74*8-02  5.0693-02  5.7308-02 
-5.0617-02-2,8203-02  2, 7600-02-3, 6354-02-8. 78.41-02-4.1474-02  2.9069-C?  7.2543-03 
-6.3235-02-3. 5220-02  6.514<»-02  7.O0“8-02  2. 5441-02-5. ?3*1-0J  4.4104-02  7.2651-02 
-2. 0346-03  1.2303-0?  J.WSO'Oi  2. 6939-02-5.  1836-03-1 .62n2-02 

sinr  c^rrrTcirfiTS 

-1. 1566*00- 1.7720-01 -1.1 327-01 -3. 47 14-0 1-2. 1762-01-1  ,57?9-0l-O.  1517-02  6.3307-02 
-■*.  •’277-02-1  . 6106-01-6.2760-02  6.1147-02  6.5199-02-1.6145-01-7.3657-02  3.1757-0? 
t..?35r-0?-?.6»21-o3-6, 6240-03  4.6261-02  3. 70 16-0?- 1 .  144 1-02-2 . 9357-02  3.6235-02 
i.002°-02-3. 5744-02-2. 1460-02  2,1073-02  3.O°60-02-'j.  19f,7-02 
SPIN  5  CHOfp  2  OTf^A0*'r W  o. 0433-01 

ro^Tnr  cPrrriCTFlHS 

?. 3623-01  ?. 0755-01-1. 6073-01-1, 6630-01  6.7003-0?  2.5t?8-01  2.4780-02-1.200O-01 
-6. 3030-02-1. 7025-0?  1.7007-02  1,4478-02-3.78*0-025.1694-02  1.1380-01-1.9770-0? 
-1.1524-01-3.7047-02  3,0055-02  2.2344-02  2.0762-02  2.27?2-02  1.4114-02-9.4769-03 
-3. 1270-02-2.7929-02-8. 3290-05  t.rt649-02  2.9960-0?  2. I'm  1-02 
smr  corrrTCTFNTS 

-2.9570-01  5.8096-02  1.5026-01-2.2683-01-3.1934-01  2.4044-02  2.2752-01  9.9327-02 
-4 • 527 0-02-0. 997 1-02-4. 1055—02  2 .6907-02- 7. 97fl2-03-7 . 30*3-02  3.0614-02  1.2202-01 
2.0746-02-6.8339-02-3.6912-02-1.7099-02-1.0608-0?  fi.014^-03  2.6565-02  3.1734-0? 
0. >>777-03-2. 1968-H2-3,  t9U-02-t. 5742-0?  ?. 7311-03  2.07q7-02 
SPAN  6  CHO|M'  3  STEALS  1,9(106-01 

cost nr  corrr'CTfi!i5 

-2. 2339-01-9. 3401-02-3. 4034-02  1.3086-01  2.2747-0?  o.nn?o-02-9  ^263-02-1.9725-01 
4.8642-02  1.7705-01  3.2405-02-7.5076-02-9.0414-02-1 ,87?2-02  4.4834-02  7.3464-0? 
-5.7669-02-7.2646-0?  9.4*55-03  4.1554-02  3. 36l3-(!2- 1 . 1978-02-3, 0572-02-5.  3151  -03 
2.5644-02  5 • 884 1 -03- 3. 1287-03-5.6630-0 3-6 , 5022-0 3  1.8no2-03 
sinr  corrrrncNTS 

-2,0268-01-6. 1251-02-1. 2936-01-7. 7748-02-2. 7768-0?  7,6246-0?.  1 .7263-01-4.5564-0? 
-2. 0363-01-4. 2131-03  t. 2435-01  7. 5154-02*9. 4?61-03-l  .0U2-Q1-6. 2724-02  7.5078-0? 

6.0258-02-2.7045-02-5.9453-02-1.6454-02  2. 1843-02  3.5844-0?  2.2052-04-3.0432-02 
-6.1517-03  1.3560-02  5,5960-03  3.7144-03  9. 381 3-04-8. 274«>-03 
SPAN  5  Cievn  4  STPAPYtt  -3.4  329-01 

msniF  c9PrncTFiir$ 

-3.6167-01  2 •  1 J 46-02  t ■  2440-02  2.6964-02-2 .  1 395-02-1 . 22*0-02-7 . 1884-03  1.9346-02 
4.4623-03-1.4868-02-2.6982-03  1.3933-02-1.6462-04-1  . 15r,‘»-02-2. 6  798-04  1.4905-02 
-4.6342-04-1.8820-02-5.6408-04  1,7653-02  6.8426-04-1 ,89Q6-02-2. 5260-03  1.9900-02 
1 , 7415-04-2 ,07  25-02-7 ,1*57-04  1. "877-02  4 .  .•■■i44-05-2.3?o0-02 
SI  Nr  COfTFTr  TENTS 

-2.0043-01-4.7243-02  8.2«8?-03  1.4564-03  1 . 34 32-02-4 . 75o6-03-? . 0488-02  1.0935-02 
2.0655-02  2.7275-03-2.0634-02-2.5219-03  1.8332-02  2. 34o6-03-l, 4805-02-3. 2007-03 
1.7108-02  8605-04-1. 6557-02-2. "254-04  1 . 7365-02-1 . 15ul'-03- 1 . 9522-02  1.4461-03 

2.0356-02  9. "128-04-2, 140P-02  2.2587-04  2 . l96"-0?-6 . 07?2-04 
SPAN  5  CIIPlT'  6  OTEaC'TH  -5.7754-01 

rnsnir  c9rrricTFin5 

-1 .6072-01-1.1016-02  2,1280-03  4.3326-03-1.5985-03  5 . 4 335-03-2. 7060-03  1.0001-03 
7.6206-03  1. 0360-02-1. r, 959-03  4.5645-03  1 . 9450-02-3 , 90*4-02-2. 2850-03-7 .5476-03 
3. 461 1 -03-6. 3"23-i>3-3. 6775-0 3-1. 58 17-03-2, 14*1-05  2.3770-03-5.4076-03-3.3099-03 
5.9754-03-1,7975-03-1,767 3-03-6 . 8757-03  2,2701-03-1.7764-03 
si *ir  corrrTciENTS 

-2.1863-01-1.5051-02  1.96714-02  1 .5776-02-7.46*0-03-4 . 75*9-03  2.6133-05  ?. 5928-03 
-2. b56(l-03-2. 1273-03-2.6327-03-1.0653-02-6.99*0-04  2.0171*02  7.9891-03  1.0255-03 
-9.5783804  1.1313-02  8.2463-04  4 i 0r>73-0r>- 1 . 73*8-03-7 . 2 3a‘3-04  5,7763-03-1.4173-03 
1.3313-03  4.3858-03-2.4426-04  2.9Q09-03  3.5849-04  9.3<47O-03 
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TABLE  IX.  AERODYNAMIC  DATA  -  170-KNOT,  EAST-TO-WEST  FLIGHT 


BI^ST  MO,  tt  24  **»  ooror  up  I  SC  PnilCliFf)  <~>i  iri*i  !T  *»♦ 

bi  ape  r>m»  hapmontcs 

1.5546801  4. *>13480(1-8, 4462800  «COlLECTlVF.  C'Xlfil  TMiiIMaL  ,  I  ATFM’AI  I’rSPFcTl  VKI 
ROTOR  RAPI'IIIO  AIICl.E  HARMONICS  ' 

1.9927800  3.9739-01  0.0000  *l’OStTIVE  TAIL  illGI;  —  i.EcPEESh 
DirTElirtlttAl.  PRESS'  'PE  UAITMPNIcS  FOP  5  CM'JRil  STATIONS  AT  GaCH  OP  1MC  5  SPANS 
*MrAS"PTNO  TPOM  TIC  l  EAOItir.  ENCE  AW  TUG  III .A*J£  P'V'T  PESuEcTIVFI  Yu. 

SPAN  1  CMO|.p  x  STEAPTtt  1,1983800 

CPSINF  COFrriCTEMfS 

-1,0415800  1.2008800-7.7225-01-2,5942-01-1.4070-01  t .56q7-01-9, 2889-02  3  4478-04 
1.6256-02  1.0277-02  2,9061-03-3, *>422-03-4, 2291-03-1 . 37r,2-02-4 .  Ill 7-03  8.5788-04 
-5.0536-03  5.0310-03  1.4332-02  1.8746-03  1,6061-03  6.02&0-03  4,8956-03-6.3040-03 
-5.2236-03  4.9684-03-2,6315-03-2.3534-03  6,9054-03  1.33|4-03 
SINE  COEFFICIENTS 

2.6313-01  2.7256-01  7. 4164-Ol-fl, 75*>2-02-2. 0768-01  l,31fi3-02  2,5878-02-5.5683-02 
-2.6174-02-1.4816-02-2.9247-02-2,1113-03-7.7634-03  8. 4036-03-2. 4053-03  4.1907-03 
4.7974-04  6,0961-03  2.7657-03-7,6328-03-6.8676-03-1.1036-02-5.4443-03-5.6225-03 
-4.1854-03-4.6181-03  3.3433-03  6.«>911-05  3.9864-03-5.  15«6-04 
SPAN  1  CNPPP  2  STEAPTtt  4.6796-01 

CPSINF  coeffictemts 

-3.4656-01  4.3022-01-2.5723-01-9.0981-02-3.8631-02  8.2267-02-1,5171-02  1,2184-02 
1.9120-02  5.1382-03  6.5025-03-8.2903-03-9,6184-03  5. 04rta-03-3. 1380-03-3.4102-02 
-1,7709-02  5.0765-03-5.3043-03  2,0901-02-1 . 1406-02-2 . 456S-0J-1 . 4235-02-8.8704-03 
-7.5605-03-1.1770-03  3.7305-03-1.6006-02  2.4025-03-3.4860-03 
SI ME  COEFFICIENTS 

2.0562-01  3.2633-02  2.5700-01-7.0077-02-8,5481-02  3.11q7-03  2.8500-02-2.0355-02 
-1.4504-02-3. 7135-03-1. O1O1-02-8, 5968-03  5.9224-03-1.0937-02-3.9987-02  3.0814-03 
<>.9306-03  4. 9847-03-1. 9643-0 3-6. 0  712-04-3. 3972-0 3-4,8060-05-3. 4930-03- 1.200 1-03 
-6.6481-03  1.2615-03  3.0860-02-1.5372-02  3.7682-03  1.7900-03 

span  1  atom  3  steams  i.o8*>o-oi 

CPSINF  COEFFICIENTS 

-2.1163-01  3.2840-01-1.6134-01-7.4263-02-3.7848-02  4,3147-02-4.6868-03  9.2986-03 
6.5271-03  4.3619-03-1.8861-03-5.7542-03-6.2236-03-7.6062-03-3.0733-03-4.7009-04 
-1,3567-03  1.5421-03  5.3955-03  1.5111-03  3.1283-03  1.22qO-03  2.7522-03  3.1906-03 
-1.0480-03-1.4849-03  4.4105-04-2 .2565-05-3.8551-03-3 . 4802-03 
SINF  CPfFFIcIENTS 

".9673-02  1.0249-02  1.6048-01-4.4467-03-3,7758-02  2.87|5-03  1,0686-02-1.0537-02 
-1,7477-02-1.0229-02-1.2466-02-7.8926-03-6. 2611-03  1.416&-03  9.2012-04  9.5054-03 
5.1543-03  4.7969-03  1.7600-03  2.9961-04-2,6060-03-2,1510-03-6.1817-04  2.9254-03 
-5.4433-03-1.1648-03-3.8600-03-1.6078-03  2.5289-03  9.194&-04 


SPAM  1  CMPPP  4 

STEAPTtt 

0,0000 

CPSINF  COFrrTCTENTS 

0.0000  0.0000 

0.0000 

0.0000 

0,0000 

0.000O  0.0000 

0.0000 

0.0000  0.0000 

0.0000 

0,0000 

C.OOOO 

0.000O  0.0000 

0.0000 

C.OOOO  0.0000 

0.0000 

0.0000 

0,0000 

0.0000  0.0000 

0.0000 

0.0000  0.0000 

0.0000 

0.0060 

0.0000 

0.000° 

SINF  COEFFICIENTS 

0.0000  0.0000 

0.0000 

0.0000 

0.0000 

0.000°  0.0000 

0.0000 

0.0000  0.0000 

o.oooo 

0.0000 

0.0000 

0.000°  0.0000 

0.0000 

0.0000  0.0000 

0.0000 

0,0000 

0.0000 

0.000°  0.0000 

o.ouoo 

0.0000  0.0000 

0.0000 

0.0000 

0,0000 

0.000° 

spam  1  atom  5 

STEAPTtt 

2.4822-01 

roSINE  COFFriCTENrS 

1.5614-02-7,9506-02' 

-9,0549-03 

1.8233-02 

1.3463-02-9.2031-03-6.2258-03-1.7259 

-1.9158-04-1.6235-03 

-3.0597-04 

8.2641-00 

6.1880-04 

3,600^-04-0. 3794-04 

5,6118 

3,4340-04-0,1961-04' 

-2.3392-03 

2.4796-04 

5.520«-04 

2,2820-04  1.4864-03 

2.7087' 

7,7029-04  6.3238-04-5.7180-05-6.2263-04-1.6305-03-0,7847-04 

SINF  CPFFFTc TENTS 

3.0899-02-3.8654-03  1.9442-02  7.4190-03-8.0427-03-7,1367-03  3, 7t>25-05-6. 2290-04 
-6 . 7709-04-1 , 4674-03  4. 7060-04-5. 5450-04  1 . 0394-03- 1 . 0 34 2-03-2 . 8766-04  3.3704-04 
1.6435-04-1,0668-03-1.3921-03-3.3349-04  1.2718-03  t .62 1 1-03  3.0092-04-6.2860-04 
-9.9254-04  1.3053-04  1.01 19-03-4. 7312-04- 1. 2227-03-4. 04--, 0-05 
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TABLE  IX  -  Continued 


SPAM  2  Cll<vn  1  STEAMS  4.772''.a00 

CASTMf  c^prrictEiiTS 

3.5686-01  2. 9252400-1, 0779400  3.0307-01-2 . 3727-01  9.24H6-02-l ,2349-01- 1 . 2012-01 
-7.3617-04-B.A920-04-7.7934-OU  4 , 0?06-02'5 . 0496-02  2. 9202-02-0. 668Q-03  1.1361-02 
2.2746-03  1.3671-02  1.9562-03  3.2676-02-3.3773-02  4 , 10?8-O2-3. 5414-02  3.2025-02 
-2.8630-02  1.2830-02-1. 7567-02  9. 1328-03-1 . 2560-02  1.2963-02 
5 IMF  COEFFICIENTS 

4.9567-01  1.2248400  1.3854400-6.9349-01  1.2426-01-7.9076-02  2.3082-01-1.0603-01 
-2.8400-02-7.7081-03  1.6900-03-4,9056-02  3.5206-02-8.5150-02  3.0870-02-4.9115-02 
6,3483-03-2.5605-02-8,9622-04-1.2825-03-2.4891-03-5,7976-03  1.0123-02-1.1098-02 
2.4122-02-8.1665-03  1.8000-02-3.3056-04-5.4594-03  8.7333-03 
SPAN  2  CHOl'P  2  STEAPYW  1,0233400 

cosine  coefficients 

3.1961-01  1.2757400-4.4302-01-7.6088-02  1.3925-02  5.2431-02-1.7461-02-4.3483-02 
3.3540-02-2.6191-03-2.5056-02  9.6249-03-6 .4&1 7-03-7 , 700l~04  1.4277-02-6,5255-03 
-2 . 5207-03  5.1948-04  1 . 4825-02-3. 7499-03-4 . 7894-05-1 . 10n9-03-8. 3118-03-9.7630-03 
2.3863-03  7.1919-03  3.0449-03-1 . 0892-03-9.6495-03-4 . 54n6-03 
SINE  COEFFICIENTS 

-1.7829-01  5.2018-01  6.0093-01-4.1142-01-7.8270-02  4.2208-02  7.0980-02-2.1698-02 
-3.6989-02  3.6121-02-9.4956-03-1.4694-02  6.0133-05-1 ,84i8-02  7.7414-03  3,1900-03 
-2. 3039-03-6.5619-03-7, 0000-03  2.7527-03  2.9923-03  5.38n3-03  7.2488-03-3.0511-03 
1.0714-03  4.2441-03  0.5747-03  2.5766-03-1,7599-03  2.47^-04 
SPAM  2  CIIOpp  3  St'F.APYH  1. 5831800 

COSt ME  COEFFICIENTS 

1.3964-01  6.5127-01-1.8722-01-5.4601-02-2.4606-02  4.6909-02  4.5694-03-3.5030-02 
7.6772-03  7.7046-03-1.0395-03  2.5103-03-1.3304-03  9.3567-05  2.6334-03  1.6923-03 
-1.8535-03-5.2507-03  5.5020-03-4.7049-06  9. 9842-04-3.212.6-03  1.2410-03  4.3784-04 
-5.6905-03  7.5569-04  6.9370-03-2,1862-03  l .5069-04-3. 0"o7-O3 
SINE  COEFFICIENTS 

1.9337- 01  2.1102-01  3. 0801-01-1. 7102-01-3. 7097-02-1. 05i0-03  4.3610-02  9,6104-04 
-3.0440-02  6.8360-03  l .9290-03-1 . 3726-04-9. 0667-04-3. 99?9-03-l ,9949-03  1.3234-03 

3. 0610-03-3. 4377-03-2. 0470-03-1, 0733-03-1. 4940-03-4. 05|9-04  2.9016-03  2.1982-03 
-7.7300-04-6.5659-03  1.2434-03-2. 193S-03  4.0903-03  l.lOfiS-OS 
SPAM  2  CUPpri  4  STEAPYM  2.9600-01 

cosine  c^rrricTEiiTS 

-1 .6012-01  4,4107-01-2.5996-02-2.6129-02-3,1692-02  2,6235”02  1.6997-02-8.6634-03 
-3.5602-04  5.7003-03  3.1925-03-6.5660-04  2.6990-03  6 .59r>‘*-04-l .4317-03  8.3379-04 
-1.1503-03  1.6816-03  1,6105-03-8,4667-04  2. 6705-03-2. 4700-03-2,4271-05  6.1104-04 
0.6131-04  2.3324-03-1.7690-03-4. 1630-04-1. 8093-04-6, 7245-04 
SI ME  COEFFICIENTS 

-2.3039-01  2.5502-02  1.5032-01-6.4467-02  8.9594-03-1 .2335-02  1.9288-02  8.9155-03 
-1.0667-02-1.0577-03  3.8078-03  1.3407-03-2.4538-03  1 .7001-03-7.9197-04  5.6083-04 
-1.0135-03-1.6816-03  7.0811-04-1,2548-03  2.0940-03  1,4230-03-1.5010-03-7,3272-04 
1.0526-04-1.1521-04  1.0061-03-2.0286-03  6 . 3431-04-1 . 6in2-03 
SPAM  2  CMOi'P  5  STEAHYK  -2.6337-01 

cosine  corrriciEiirs 

-O.6094-03  1.1504-01  1.1843-02-3,7187-03-9.2077-03  6.12s‘*-03  6,6090-03  6,6040-04 
-7.3501-04  4.2037-05  2.7349-03-1.3286-03  2 . 2495-03-1 ,  I9i,6-04-2.  19Q4-03  2.3284-04 
-2,0120-04  1.5013-03-1.9171-03-1,7734-04  1 . 7155-03-1 .31  l<5-03-l ,  1317-03  1.5036-03 

1.9337- 03  5.0706-05-1,0781-03  4.1324-04  1.0974-03  2.0379-03 
SINE  COEFFICIENTS 

-2.6810-01  1.4077-03  1.5463-02-3,3815-03  8, 9460-03-6, 50q5-03  1,4724-03  2.6025-03 
-5.7282-05-2.6664-03  8.7075-04-1. 1502-03-1 .0454-03  2.8902-03  3.2435-04-1.0370-03 
-1.3034-03  5.0776-0"  1.2206-03-2,0535-03  5.6025-04  1,2067-03-1,1583-03-7,6596-04 
1 . 1521-05  0.6136-O4-2.1 141-04-1.2757-03-7.1546-04-1  .67n3-03 


! 


TflRT.E'  TY  - 


SPAN  3  CIKVP  X 
EPSUlE  COEFFICIENTS 
2.2570400  3.1470*09- 
1.4786-02-3,1681-02- 
6.5171-03  5.8905-03- 
-4.6724-03  1.7131-02- 
SINE  COEFFICIENTS 
-5,2157-01  1.2374400 
5, 0612-02-5, 2277-02- 
3.0970-02  1.5172-02 
-7.4861-04-O.0604-03 
SPAM  3  Cl  10170  2 
COSIME  COEFFICIENTS 
1.1562400  1.3687400- 
3,3960-02-5.2807-02 
-1.3014-02  2.6046-02* 
-7.6344-03  2.5235-02- 
SINE  COEFFICIENTS 
“1.3979400  3.9045-01 
1.5721-02  3.5807-02- 
-2.8039-04  2.2109-02 
-1.0692-03-6.1727-03 
SPAN  3  CUPl’P  3 
CPS  I  ME  COFI-f-ICtEMrS 
2.6394-01  8.1040-01- 
-1.4270-01  0.8226-02 
3.7848-03-1.3678-02 
2.6050-02-9.1956-02- 

simf:  coefficients 

-4.1649-01  1.3298-01 
-3. 3893-03-1. 8608-01 
2.1219-02  8. 8411-03- 
1.6027-02  1.2904-02- 
SPAN  3  cM0i>n  4 
rosnir  coefficients 
5,5642-02  3.4949-01 
-7.4937-03  9.8424-03- 
-2,1633-03-1.2091-03 
1.5218-04-8.9753-04 
SINE  COEFFICIENTS 
-3.5234-011  1.8736-02 
-1.6450-02-3.0566-03 
7.0283-04-2,5972-03' 
8.5948-04  4.0374-04- 
SPAN  3  CMOl’fi  5 
EPSIHE  COEFFICIENTS 
6.6056-03  7.7608-02 
-2.4890-05  2.7065-03' 
-1,1377-03-5.6068-04 
“.0107-05-1.4097-03 
SINE  CPTFElcIEMTS 
-1.8934-01-1.6027-02 
3.6086-04  2.2528-04 
4.7360-04-1.1012-03 
1.1753-04  1.0303-03 


STEAMVH  5.1823400 

5.1358-01  4. 707S-01  1.2882-01  1 ,67o6-01-l. 0173-01  5,8350-02 
7.4824-03-4.5033-02-3,9007-0?  2 ,9  7c. 5-02-3, 5841-02-2.  011 7-02 
3.4599-02  7.8900-03-1,2573-0  -5,0^4^-03-7,2155-03  1,4967-02 
1 .2802-02- A. 0228-05-3. 1289-03-1 ,3133-03 

1.0522400-6.3274-01-1.7517-01  2.37?8-ol  5.7513-02-7,3329-03 
2. 6530-03-1. 9116-02-1. 2255-03-2. 7AJ6-02  6.0008-02-2.4402-02 
3.6989-02-2.1385-02  2.1488-02-1.8920-02  1.0348-02-1.0370-02 
4.6902-03-1,2918-02-1.0903-02  1,5720-03 
STEAMY#  2.9432-01 

•3.5691-01-7.2984-02-7.9698-02-4. 12|0-02  1,4928-01-1.9936-02 
8.6209-03-3.2444-02-7.0769-03  1 ,S9ol-02-l . 0014-02  4.6495-02 
•4,0787-02  1.0527-02-1.9177-02  3.12c3-o3  1,2110-03  1.5618-02 
■3.8727-03-1.0174-02-8 . 0782-03-3 . 38s6-03 

6, 2 184-0 1-3, 5 393-0 1-2. 68a 1-02“ 1.37( 7-01  1.3156-02  8,0141-02 
•3.9H4O-02  3.7051-02-5.8721-02  1 , 78?7-02-4. 3910-02  1,3409-02 
5.2531-03-1.0736-02  2.2385-03-1.0367-02-1,0495-02  5.6654-03 
2.6606-02-7.5301-03  1.0790-02-2.0367-02 
STEAMY#  1.5635800 

■1.8544-01-2.8748-01  2.5070-01  6. 3947-02-1 ,6072-01  5,8006-02 

1.3071- 01-9,5408-02  2.4625-03-3.3271-02  2.3541-03  4.4794-02 
5.9855-03-7.1641-03-3.5504-02  3.68n3-02  1,1060-03-1.6301-02 
•2.5654-04  3.0831-02-1.0887-02  6.05jl-03 

5,0604^01-3.5456-01-2 • 3493-0 1  2. 07q7-01-2, 9178-02  2.8247-02 
1.2862-01  5.2693-02-2.0410-02  5. 34nO-03-5. 6513-02  4.6060-03 
■1.4151-02  2,1004-02-2,2470-02-2.5048-02  3. 99“0-02-t. 6706-02 
•4.7072-02  1.1164-02  8, 3027-03-4 ,49n9-03 
STEAMY4  -5.7183-01 

4. 9369-03-3.973M-03-7. 3704-02  2.9052-02  3,9419-02-2.0415-02 
•1.7218-03-3.4748-04  4.9164-03-4,1155-03-7,7982-04  1.6645-03 
1.4029-03  5. 1527-04-1. 00 16-0 3"2.17?9.04-6. 9404-05- 1.3335-03 
5. 3880-04  1,1859-04  5 .5289-04-7 . 12o5-05 

1.1472-01-2,2027-02-2.7132-04-5,2074-02  2.1840-02  2.4717-02 

2.3071- 03-1.5874-03  4,2682-03  2,2867-03-3,2485-03  6,0910-04 
•1. 2007-03  1,8826-03-5 .0223-05-5 ,4 3?2-04  1,1514-03-1.4698-03 
-2.3657-04  3,9440-04  9,2572-04  3.3942-04 

STEAMY#  -1.9950-01 

2.5922-02  1,7370-03-1.3234-02  7.0057-03  7, A664-03-9. 514J-04 
-3,0657-03  3,8332-04  2 .04 33-03-1 , 66nQ-03  1,6934-04  6,6970-04 
-1.0953-03  2.4207-04-4.2831-04  l.42?5-03  1,8256-03-1.5409-04 
1.8377-03  1,2672-03  7.8430-05-1 , t2o6-03 

5.5875-03  1,5515-03  1 . 2^1 1-02-6 ,66/|5-03  3.6865-03  6,7642-03 
■•9,6297-04-2.0166-03  2.3234-03  9.5871-04-2.0024-03  6.2201-04 
2.4081-03  1,2569-04-1 .8319-04-2. 5294-04-6.0310-05-9. 8397-04 
-2.5195-04  2. 1241-03-?. 4639-04-1 ,3?a6-03 
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TAELE  IX  -  Continued 


SPAN  4  CII<VP  1  STCAf'ttt  4.49°7800 

rA«trnr  T£MT5 

2.5692*00  2.5774*08-8.6861-02  4.1094-01-1.5493-01  1,5648-01-2.0620-02  1 
fl. 0607-02  1.0422-01  3.5312-02  2.2419-02  1.0381-02  l.l0fl3-02  1. 1115-03-9 
-1.8215-02-3.3762-03  1.2935-03  2,6990-04  1,2487-02  1.24(\6-02  1.8888*03  5 
-4, 9J77-03-7. 8480-03-1. 8752-02-9. 0277-03-7. 4173-03  3.4371-03 
5 IMF  C'TFFTCIENTS 

-1.7935*00  1.6543-ni  2, 9S66-01-4. 0499-01-2. 7766-01  5.2550-02  8.2447-02  2 
-7.0703-03-2.3133-02  6. 8030-03-2 . 08°7-02-2 .6632-02-3 ,27?0-02-1 .8053-02-2 
-8.0197-03-4.0333-04  1.0117-03  1,1917-02  4.4435-03-3.4990-03-1.5068-02-8 
-1.8186-02-4.2309-04  1.0566-02  1.4275-02  2.6792-02  2.67?‘*-02 
SPAM  4  CMOpP  2  STEAMY*  1.6640*00 

rosutr  c9FrrKTenrs  .  „  ,  „  , 

1  .*>254*00  1,4196*00-4.8549-01-2,1  387-01-4.6178-01-2.0780-01-5,2214-02-6 
1.3855-01  7.1662-02  1.2143-01-2.8076-02  9.3311-02  3.71t6-02  3,3236-02-7 
-2. 5649-02-6. 4054-02-2. 6U1-02-5. 1808-02-1. 8235-02  l,6W3-02  3.602&-03  9 
1,6620-02  4,1044-02  6,1626-03  8,9029-03-2.3564-02  3.91f,7-03 

-7.9932-01  7, 1308—01  7,4940-01-1 .98 15-0 1-6. 0* 30-02-2. 71 36“01 -7, 8233-02-1 
-4. 7123-02-3. 7802-02  4,7038-02  l,55°4-02“2. 5104-02  4,7073"02  6.2923-02  ■> 
-1.8213-02  2.6636-02-2,4713-02  1.9475-02-6.0333-02  1.4833-02-2.5057-02  1 
-3.7956-02  2.2852-02  7,6268-03  3,0766-02-6.7535-03  t.4643-02 
SPAM  4  CIIOl’P  3  STEAMY*  1.1109*00 

frtSIMF  COFrriCTEIiTS  ,  „  „  , 

7.6488-01  6.2993-01-3.5769-01-2,2520-01  1.3009-01  1.33Q0-O1  1.2370-01 
-1.3118-01-8.0909-02-1.9700-01  2.5813-02  3.4778-02  1.24r>6-Ql  6,5851-02- 
-8.0782-03-9.5107-02  3.1653-02  3,4087-02  5.0123-02  1 . 34*3-02-1 ,9190-02-t 
-5.2123-02  4. 9681-02-1. 8984-02  3,6314-02  1 . 5776-02-2 .24ss-02 
SIMP  COFFFICIEN7S  ,  , 

-4.1626-01  1.8 368-0 t  2.9603-01-4.7852-01-2.9824-01  9.36n}-03  l.b665-02  < 
6.3029-02  6.8728-02-5.7216-02-1.4151-01-2.4167-02-3.4666-02  1.J017-01  ■ 
2 . 5815-02—2.6698-02-7 ,9718-02  1.1229-02-7.8825-03  6.8100-02  4.0363-03  ' 
-3 .7331-02-2. 0558-82  1 . 3430-02-3, 5182-02  4.5702-02-2.5650-02 
SBAM  4  CUDl'P  4  STEAMY*  -5.7031-02 

fpsimc  corrricTFtirs  „  „  „  , 

1.0097-01  2.2139-01  1.2210-01  7.5849-02-1 .4001-01-1. O3n»-O0-2. 4536-02- 
5.' 015-02-1.6906-82-4.7316-02  2,6770-02-6. 9292-03-7 . 47nt-03  1*5011-02- 
-1.6128-02  1.0451-02  7 . 7227-03-1 . 0708-02-6 . 0608-03  7. 70?t-Q3-B. 9027-04 
-4.0571-03-4.3240-03  4.2781-03  7 . 1494-05- l . 7505-03-1 . 06n5-03 

-i^A^-oi-lll^l-nl-t. 4746-02  8.4265-02  4 . 0551-02-2. 74&2-02-5 . 7068-03- 
1. 1193-02  5.8583-02-2.3600-02-1.4565-02  2.4995-02-1.235^-02  3.4550-03 
-5,5836-03-1.1342-02  1,2721-02  4.9536-03-9,6957-03  1,8480-032,1008-03- 
1. 2309-03  1.1227-0»-7. 2288-03  9,8765-04  3.4533-03-8.6450-03 
SPfh  4  C> lOpP  5  STEAMY*  -5,8878-01 

—o?3O0 0—02^ 3 .9914—82  4.4«27-02  4. 0705-03-2 . 8020-02  6.5440-03  1.0631-02- 
-1.1308-02  5.3233-03  6.4510-03-7.3973-04  1.2494-03  4.084?-03-2.4798-03- 
3. 7422-03-2. 8906-03-5. 7564-04-3. 5103-03-3. 2536-03-5. 45fl5-03  1 , 3675-03- 
-6.7118-03  2.8503-04-7.8514-03-3,5754-03-3.7225-03  3.36?3-03 

-2l'.709«-01-61.6386-n?-l. 4476-02  2,3105-02  2. 0055-03-2. 35 70-02-2. 0902-03 
-5.1237-03-5.3327-03  4.2315-03-1.4173-03  2 . 3106-03-1 .5879-03  4.6499-03 
-2.3504-03  5.1113-84  1,4790-03  l ,6460-03 ~  1 ,1939-03  2. 0961-03  1.- >285-04 
i, 2698-03-3, 8162-84-6. 7273-03  3. 8531-03  2.4502-05-7 . 39f|1-03 


.1915-02 

.4664-03 

,4762-03 


.3307-02 

.5207-02 

.3073-03 


.2245-02 

.9065-02 

.6549-03 


.6083-01 

.2083-02 

.1041-02 


.0342-02 

.0015-01 

.3020-03 


.1565-01 

.4619-02 

.1701-02 


7.7384-03 
t. 0395-0 2 
2.5197-03 


3.6138-02 

2.0561-02 

4.1565-04 


5. 5015-03 
t. 0072-03 
6,3272-03 


1.0912-02 

1,1400-03 

5,2953-00 
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TABLE  IX  -  Concluded 


SPAM  5  CMPl'P  1  ST£Af  r«  4.5892*00 

msTMr  c'lrrrTCTfiirS 

2.8633*00  2.16<»8«0''  O.16J4-02  4.4193-01  5,1579-02  l .02t6-01-6. 7607-02-5. 7356-02 
n. 4660-02  6.4952-02  9.6765-03-4. 0066-02-4. 7657-02  2.5327-02-8.5713-03-3.2209-02 
-1.2784-02-2. 4354-02-3. 1326-02-3. 2 158-02- 3. 754 1-02-3. 56rt6-03  1.5858-02  2.8527-02 
1,6343-02  9,2622-03  4.4607-03  1.4459-02  l, 6778-02-9. 46jO-Q3 

simp  corr rtc'ENTS 

-1.3014*00  1,7734-01  4.8163-01-4.4 156-01-2. 39U-QI  3,0871-02  4.7032-02-5.2641-02 
-8.3331-02-4.8772-02-2.2755-02-1,2429-02-4.8134-03-1.1673-01-2.6348-02-2.5343-02 
-3.0608-02  5.3°78-03  2.0897-02  4,1260-02  8.5068-03  1.6655-02  1,3342-02  1.3035-02 
8.3063-03  8. 7411-03-7. 0301-03-5. 5649-02-8. 69<U~03  1.9748-02 
SPAM  5  Clini.p  z  STEAf»'«  1.3087*00 

tpsimp  c^crnc  temps 

5.8805-01  7.34*4-01-8.3101-01-4.0179-01  6,6343-03  1.21n6-02  5.8080-02  t. 1176-01 
7.7600-02  1.8018-01  5.1774-02-5.6002-02-1 . 7865-02-1 . 45r, 4-01-8. 9212-02  4,0102-02 
-7.6362-03  5.3603-03  3.2117-02  3.0673-02  7. 8260-02-1. 92<j5-02-5. 8138-02-1. 6049-03 
-4.0470-02-1.8610-02  1.1218-02-6.8134-03  2.7798-00  2.99o2“02 
SIMP  CPPFPtclENTS 

-2.4093-01  6.8113-01  5.6526-01-5.6885-01-3.0103-01-7, 1629-02-1.3772-01-1.3542-02 
-1.9872-02  2.1723-02  1,7664-01  6.2527-02  8.0349-02  3.5729-02-1.0979-01-5.7094-02 
-3.2182-03-4.7143-02-1.3207-02-2,2000-02  3.6913-02  9,?5a5-02  1.9502-03  2. 1386-03 
8,8781-03-3.7690-02-1.5275-02-1.8044-02-2.6807-02  1.3391-02 
SPAM  5  CIlOcP  3  STEAM**  -1.2170-03 

mstnr  cwTricreuiS 

-4.2044-01  8.1966-01-2.2005-01-3.2109-01  2.86o9-02  2.6447-01  2.0720-01-1.5296-01 
-1.1673-01-8.1589-02-8.0813-02  1.4809-01  7.5671-02  2.  32f, 2-02-1 . 0018-02-6.9505-02 
-4.3227-02  9.2045-03  5. 0920-02-S. 1389-0S-7. 9441-03- 1 . 32Q0-O2-1 . 7663-02  3.646&-03 
2.5691-02  7.2725-03-1.8693-02-1.4444-02-3.8747-03  1.4549-02 
simp  corrFiciENTS 

-1.1259*00-1.6904-01  5 ,6224-0 1-2 ,8 326-0 1-3. 0063- 01 -4. 4090-02  2.23°8-01  2.4494-01 
-2.6009-02  1.0834-02-1.5503-01-1.0245-01  6.5102-02  4.25q9-02  7.3504-02  1.4972-02 
-3.6853-02-5.5661-02  1.7612-03  3,6214-02  1.1746-02  1.4542-02-1.0538-02-1.7226-02 
-1.4107-03  2.6351-02  1.2809-02-1.6244-03-1.3184-02-9.4976-03 
SPAN  5  CIIO|*P  4  STEAf'ttt  -2.9898-01 

r og inc  corrncTEfirs 

-4.9155-01  1.3699-01  7.9957-02  5.4904-02-9. 1894-02-2. 11 l 0-03  5.8429-03-5.7490-03 
-1.8761-03-1.5937-02-6.2445-03  2.8863-04-4.9712-03-5, 7onq-03  2.7911-03  3.6283-03 
2.6452-04-1.6967-03-4.3513-03-6,1058-04-6.8322-03-5.0659-03-5.2010-03-4.8705-03 
-5. 1444-03-4. 7818-03-4. 2085-03-3. 2433-0 3- 1.3762-03-2. 50(7-04 
sine  corrrictENTS 

-3.6452-01-2.0124-01  4.1346-03  2,2739-02  2, 3863-02-3, 93n8-02-2. 1961-02-8.7742-03 
5.4129-03  5.4569-03-5.8893-03  2.5616-04  6.2542-03-1 .661 8-03-1 , 0369-03  1.9410-03 
2.2989-04-2, 30°6-03-5. 8958-0 3-4, 72 l 4-0 3-1 ,8487-03*3, 17p0-03-l . 3685-04  2,4101-04 
1.1800-03  2.5333-03  2.1945-03  3.3253-03  1,4362-03  2.4963-03 
SPAM  5  Cl IO|T  5  STEAP'Tff  -5.6370-01 

cosnir  coErpicrpms 

-1,5700-01-2,3667-03  2.6760-02  3.1444-02-2.8040-02  5.11p8-03  1.1036-02-1.1794-03 
-9.3540-03-7.4234-03  1.6355-02  1.3589-02  1 . 5759-02-4 . 65nl,-02-l .  5987-03  4.1420-03 
-4.6091-03-0.6759-03  9.5424-04  6.2850-03  2 . 2362-03-0.4 1 ?2-04-6. 7600-03-6.8967-03 
-1 .91 l°-03  6.5765-03  1.2308-02-2. 0583-03-6. 0752-03-6. 03h7-03 
SINE  COFFriciENTS 

-3. 0373-01-5, 6127-02-1. 7757-02  1.2359-02-1.0442-02-3.6979-02-1 .4981-02  7,3772-03 
-9.9536-05-2.6300-03-6.9568-03  5,8757-03  1.1404-02-8.6524-03-7,6217-03  2.6439-03 
4. 51 17-03-2. 9020-03-4. 0178-0 3-9, 0200-03-1. 7294-03- 3. 0837-03-7. 0056-04-4.6568-03 
-4.3504-03-3.7263-03  3.9826-03  1.1402-02  2.3687-03-1.2653-02 
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TABLjc,  a.  AERODYNAMIC  DATA  -  170-KNOT,  WEST-TO-EAST  FLIGHT 


I’OTOr  I  If' I  SC  PilHClIff)  OUTPUT  **♦ 

^COLLECTIVE.  COHOXTIIOINaL#  LATERAL  CCSPECTIVfL'rn 


BlfPST  NO.  H  19 
81.  APE  PITCH  HARMONICS 
1.5280*01  4.6161*40-8.7611*00 
ROTOR  FLAPPING  ANOLF  HARMONICS 

1.7527*00  6.5371-01  0.0000  4POSITIVE  TAIL  lllfili  —  ijEcrCES# 

DIFFERENTIA!  PRESSURE  HARMONICS  FOP  CIIORil  STATIONS  AT  EACH  OF  INC  5  SPANS 

KMEASHonio  rnoM  tic  leaning  ehoe  amp  the  plane  root  RESi>EcTivei.va. 

SPAM  1  CH0|>p  X  STEADY*  1.1973*00 

cosifir  corrrictF.iirs 

-1.1367*00  1.3108*00-6. 7130-01-2,  »t  904-01-1,  A290-01  1 . 15o2-01-1 ,0455-01-3,6747-02 
"i,3lI--22*’2,2512"02’1'31<,3"0fi“2*475o“<12'1*5fl26-02-2. 01  | 5-02-1,  3912-02  1.4478-03 
fl. 1159-03  3.23*5-02  1,75*8-02  2,31*8-02  2.1*158-02  2.1137-02  4.59*3-03  8,9851-03 

3. 6702-03-2. 9763-03-9. 04 10-03-t, 2432-02-8, 38ftl-03-8.9lftl-03 

SIMP  COEFFICIENTS 

2.5000-01  1.2900-01  7.6152-01-1,4656-02-* .4005-01  4.1240-03  5.2221-02-3.3084-02 
-2.7906-02-2.3118-02-5.0657-02-1.7060-02-3.4766-02-1.3425-02-1,9280-02-8.5524-03 
-*,5864-03-2. 0204-02-2, 02°3-02-l ,8647-02-7.3041-03-9.7500-04-1,3604-03  8.8975-03 
1.0487-02  6.8672-03  2,2152-02  5.5264-03  5.0289-03-1,4249-03 
SPAM  1  CHOl'P  2  STEADY*  4. *342-01 

c*5 i me  cprrrtcTEMrs 

-3. 6947-01  4.6739-01-2.1656-01-9.7127-02-6.2233-02  3. 04O9-02-4. 9038-02-1. 0236-02 
-5.9475-03-3.1078-03  3.0284-03-1. 3065-02  5.8492-04  3.4335-03  6.8378-03  1.3640-02 
2.4571-02  3. 8422-02-3. *667-03-9, 31*1-0 3-6. 7050-03-7, 36?7-03  9. 1109-03-5. 145*-03 
2 .0327-03  1 . 3326-02-1.5329-02-7 , 16*1-0  3- 1.9573-03-1. 48s0-02 
SIMP  COFFFtcIENTS 

2.3733-01  2.6322-03  2.9927-01-2,0120-02-5.0622-02  2.22|3-02  2.6359-02-1.24*7-02 
-1.8904-02-2.3759-02-1.4938-02-8,3016-03-1.8700-02-4,4546-03-2.7752-02  1.5458-03 
1.2279-02-3. 0079-02-3. 3254-02-4. 6184-03-8. 7101-03-1, S9q8-03  2.1437-02-1.6*04-02 
-2,1729-03-5,1581-03  1.4730-03  S.3046-03-8.1535-03  O.14n7-03 
SPAM  1  CH*pp  3  STEADY*  2,5332-01 

cosine  c*rrricrerirs 

-2.4233-01  3. 2*70-01-1. 3*90-01-7. 1937-02-5. 2919-02  3. 24q7-02-i. 4971-02-2. 3501-03 
"?,33?l|'S?’3-;566-03’4-462!l-03-7-0270"03’l*l920-02-8. 1572-03-4. *644-03-1. 1015-03 
4.1813-03  6.3051-03  1.0607-02  7.2686-03  8,1210-03  6,6332-03  2.5336-03  5.9474-03 
*.7865-03-2.0453-03  1.9310-04-5. 0108-04-7. 3ft23-O3-4.20j>8-O3 
SINE  COEFFICIENTS 

*.2377-02-3.2150-02  1. 3880-01  5. 3*01-03-3. 4096-02-4. 35o2-04  1.7769-02-6.2028-03 
-1 .31 57-02-5. 0220-03-1, 1508-02-8.8312-03* a. 1315-02  6.6187-04-5.8479-03-2.6673-04 
1 ,81 76-03-1, 3762-03- 1,2637-0 3-8 ,7870-0 3- 3, 0*30-0 3-2. 661 7»03  1.5421-04-1.3123-03 
3.3732-04  7,3653-04  1.2317-03-3,8901-05  3. 2U6-03-6. 4994-04 
SPAN  1  CH*|>P  4  STEADY*  0,0000 

cosine  coFrricieriTS 
0.0000  0.0000 

0.0000  0.0000 

0.0000  0.0000 

0.0000  0.0000 

SINF  COFFFtcIENTS 
0.0000  0.0000 

0.0000  0.0000 

0.0000  0.0000 

0.0000  0.0000 

SPAM  1  CHOl'P  5 

cosine  CPFrriCTElirS 

1.4060-02-6.9589-02-4,8070-04  1,1378-02  7.6102-03-3.5549-03-2.6610-03-3.9084-03 
1.6526-04  2,80*8-03-2.7621-04-8.3939-04  5.4645-04  1 . 07s6-03-3, 5241-04  1,4721-03 
-7. 6911-04-2, 0053-03-1.3528-03-9, 5559-04  2.1007-04-5,3746-04  2.3741-04  5.86*2-04 
1.8508-03  1.9327-03  2,0337-03  6,*061-04  1.5003-04  2.2547-04 
SINE  COEFFICIENTS 

3.4337-02  6.2483-03  1.0394-02-6,5110-04-5.6*64-03-2.6736-03-1.0309-03  3.5232-04 
3.4044-03-1.0822-03-6.6063-04-9.7629-05  1.7111-03-2.0164-03-8.3581-04-1.7685-03 
-1.3681-03-2.3302-04-2.3168-03  1,0103-03  2,0014-03  1, 39^0-03  5,7364-04  1.7987-03 
7.«h68-04  6.4562-04-2.6219-04-2,2776-05  9.7369-05-1.83*0-05 


0.0000 

0,0000 

O.OOqO 

0.0000 

O.OOQO 

0.0000 

0.0000 

0.0000 

0,0000 

0.000® 

0.0000 

0.0000 

0.0000 

0,0000 

0.1)000 

0.000® 

0.0000 

0,0000 

0.0000 

0.0000 

0.0000 

0.000® 

0.0000 

0.0000 

O.OOoO 

0.000® 

0.0000 

0.0000 

0,0000 

0,0000 

O.OOqO 

0.000® 

0.0000 

0,0000 

0,0000 

0.0000 

0.0000 

0.000® 

0.0000 

0.0000 

0,0000 

0.0000 

0,0000 

0.000® 

STEADY* 

1. *879-01 

TABLE  X  -  Continued 


SPAM  2  CIIO|.p  J  STEAMY#  4.6124800 

msinr  corrriCiEiirs 

1,9253-01  2 , 9756a  t.iP-0 , 560 1*01  2,2914-01-2.5519-01  ft. 0947-02-5. 0210-02-1 .5368-0! 
1.3710-02  7,5670-03-6,0277-02  4.435S-02-3. 6226-02  1.4924-02  1,8955-02-1.5061-02 
2. 0432-02-7. 23B1-03-1. 6696-02  2.0054-02-3. 244 J-02  3.3962-02-3.7304-02  0,8503-03 
-7.7774-03  3.4315-04-7.4425-03-1,0249-02-6.0665-03  2.1991-02 
SIMP  COPFTTcirNTS 

4.0948-01  9.4962-01  1 . 4237600-6.4900-0 l  1.0139-01-1.3778-01  2,2708-01-1.0693-01 
-7.3644-02-2.2223-02  7.2081-03-7.2343-02  4.9756-02-1.0292-01  4.8609-02-5.4614-02 
2. 6820-02-2. 6968-02-1, 3697-03-1. 5436-02  1 .6464-02-2. 77(>2-02  3.6250-02-3.7697-02 
3.4232-02-2.6905-02  3,2480-03-1,3081-02-1.1735-02-5.3445-03 
SPAM  2  CH9|*P  2  STEAMY#  1.7404400 

c«stnr  cflFPncteiiTS 


2.1244-01  1.2904409-3.6200-01-8.2102-02  6.6962-03  7.9629-02-1.0404-03-6.2754-02 
3.2230-02  6.6024-03-3.0100-02  l. 1710-02-3. 4A68-03  4.59«T-04  0.5262-03-1.2707-02 
1.2169-03-4.9179-03  8.6600-04-3, 3315-03-3. 7060-03  8. 42?#-03-7. 9745-03-1, 6020-03 
2. 9807-03-0. 9656-04  4.4142-03-8.590 j-03  5.8597-03-1 ,41ft0-03 
SIMP  CPrFPIcIENTS 

-2.0946-01  3.6778-01  6, 0604-01-3. «58S-01-9. 5156-02  2.52nl-02  0,0534-02-1.0981-02 
-6.2497-02  3.6430-02-1.2932-02-1.4841-02  1 . 2763-02-1 ,6Q25-02  6.6001-03-2.7361-03 
-4.5504-03-5.2038-04  5.1362-0  3  5. 3800-03-1. 09*56-02  5,26*3-03  4.9629-03-4.9813-03 
-3.3535-03  3.0828-04-6.0092-03-9,8580-04-4.1205-03  0.44t4-o3 
SPAM  2  CHOPP  3  STEAMY#  1.5237800 

CnSTMt  COFrrlCTE/IVS 

'’,*262-02  6.5431-01-1.4249-01-5.2956-02-3.2219-02  5.0177-02  1.5874-02-3.7463-02 
-1,5968-03  6.8229-03  1.5845-05  4. 0829-03  1,9004-03  2.7531-03-4.3078-03-6.3908-03 
3.3509-03-4.3153-03-1.4316-03-6,2515-04-1.0554-03  2,1242-03  1.8599-03  5. 6400-04 
-1.2349-03  8.3028-04  1.9644-03-1.6097-03-1.0484-03-4. 75o0-04 
SINE  COPFricIENTS 

1.6788-01  1,3088-01  3,7414-01-1,7119-01-4.7592-02-1,2072-02  4.8265-02  1.0603-02 
-3,4307-02-3.4613-05-1.9283-03  1.1166-03-1.8220-03-5.2140-04  2.3412-03-3.2044-03 
8.6647-04-4 . 5070-03-5.4327-03-1.7446-04  7.2570-04 -2.0546-03  3 . 0642-04-3. 2652-03 
2.9924-03-2.9127-03-3.4843-03  2,1334-03-4,2069-03  2.33q0-04 
SPAN  2  CIlPl'M  4  STEAMY#  2,9323-01 

C8STME  COFrrtCTEMrS 


-2.1329-01  4,3029-01* 
-1.6264-03  4.7100-03 
-2.5308-03-4. 0367-0# 
-1.1632-04  6.0177-04* 
SIME  COEFFICIENTS 
-2.1984-01-2.1221-02 
-1,0465-02-3.3727-03 
1.0141-03-2.3174-03 
2.4669-04  3,3228-04- 
SPAN  2  CIKVn  5 
COSTMt  COFFriCTEIITS 
-2.1289-02  1.1568-01 
1,2016-03  4.4918-05 
-7.8625-04  3.4630-03 
9.9925-04  2.6500-03* 
SIMF  CorpriCtENTS 
-2.6855-01-1.0117-02 
2.5174-03-3.2163-03* 
-1.5340-03  8.3623-0# 
-1.4025-03  l.?106-O3 


6,3742-03-2,3480* 
6.3045-03-8,4076* 
2.4199-03-7,5526- 
1,4104-03  9.8242* 

1.4638-01-6,5693. 
4.9404-04  3.9567* 
1.3301-03-2.1744* 
1.3727-03-1, 1221- 
STEAM  Y#  -2.5088- 

1.5745-02-2.1128* 

2.9935-03-1.5641* 

7.1393-04-3,8537* 

1.4297-03-6,1512* 

1.0352-02-3.3657* 
•6. 2092-05-1, a4O4■ 
^,14O0-03-^.lSQ9• 
1.7433-03-1,2354* 


-02-2,6951-02  2.74J5-02  2.1619-02-8.0015-03 
-O'l  2.6271-04  2.96f, 6-03  1,0130-03  2,1207-04 
■04  2. 6301-03-3. 45tO-04  1.5952-03  7,5206-04 
•06-4.H74-04  8.23riT-04 

•02  6.7703-03-1,7992-02  1.7319-02  1.2424-02 
-03-3.8721-03-4, 79qT-04  1,2519-03  1.3710-03 
-03-5,5543-04  1,0256-05-9.0937-04  1.1398-03 
•04-4. 9498-04- 1,09?6-03 
•01 

•03-6.3504-03  6.6633-05  7,4014-03  2.6457-03 
■03  l. 6956-03  9,3242-04-2.1451-03-2.2294-04 
■03  2,8193-03  2,0065-04-1.0957-03-6.6331-04 
■04  8. 9136-04-1. 0273-03 

■03  9, 2875-03-8. 3408-03  4,8773-04  3.2431-03 
■03-2.2371-03  1.0340-03  4.3339-05  5.1338-04 
■03-2,2254-03  1,5762-03  0,5232-04  7.6588-05 
■03-2.5584-04 
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TABLE  X  -  Continued 


SPAM  3  cnPpn  i 
fpstmf  cPFrrrc’Eiirs 
2.0538*00  3.1789400- 
f>, 1499-02-8. 4407-03 
2.7006-02-3.0208-02- 
-1.P012-02  1.1265-02- 

siMr  coefficients 

-3 ,  3770—01  0.2845-01 
3.6427-02-2.6523-02 
0.8035-03  1.7425-02- 
2.5433-03-1 . 1401-02 
SPAM  3  CM'Vt'  2 
rosnir  coFrricTFiirs 

1.0168400  1.30054(10- 
6. 8405-03-2. 0085-02 
-1,0606-02  3.4006-02- 
7.2676-03-3.8507-03 

simf  c^rrrtciEMTS 

-1.4632*00  3.0582-01 
-2.1332-02  1.2726-02- 
-1.3368-02  7,0531-03 
1.7274-02-6.8208-03 
SPAM  3  Cll<Vr>  3 
ppstmf  corrt-rcTFMTS 

1.O6P1-01  8.0335-01- 
-1.1636-01  2.5827-02 
1.3478-03-2.5107-02- 
2.6375-02-7.O146-O3- 

siMr  coefficients 
-3. 0087-01  2. 3073-02 
5.2347-02-1 .8550-01 
3.1735-02  1.5313-02- 
-1.5110-02  3.5329-02- 
SPAM  3  CIIOl’P  4 

fpsimf  corrricTEins 

2.5704-02  3.4350-O1 
-1.2655-02  8.7109-03 
2.0056-04  3.1282-0" 

8 . 5387-04-4 . 2086-04- 

s i nr  corrriciENTS 

-3. 3900-01-1. 0770-02 
-1.6044-02-0.0537-03- 
-7.5805-05-1.1327-03 
-6.5412-04-5.7713-06 
SPAM  3  CM'Vt'  5 
FPSIMF  C9FrrlCTFMI5 
1.0314-03  7.7055-02 
-2.7372-03  3.3910-03- 
2.2370-04  3.6070-0" 
7, 3493-04-3. 6901-on 

SIMF  CPFFFIcIFNTS 
-1.8408-01-2.1138-02 
6.5573-04-2 ,1585-03- 
6 . 590°- 04-5 ,1014-0"* 
-3.9671—04-1,7602-84. 


STEAMY"  4.9470800 

4.6844-01  3,6457-01  1.3011-01  2. 20f, 3-01-6. "196-02  t. 0031-01 
3.4403-02-3.5102-02-6.94  34-02  1 . 36'( 0-02-1 . 7265-02-5. 8904-02 
1.7657-02  8,5854-03  1 , 74 31-02-2, 4 1(,2-02  1,0128-02-7,0481-03 
1.4417-02-6.9734-03  8. 3565-04-8. 70?l,-03 

1.0751*00-7.1621-01-2.8421-01  l.fiflol-01  1.8706-02-2,2640-02 
9.7373-03  3.8547-02  5.3822-03-2.9572-02  6. 1056-02-3. 9o6l-02 
4,5315-03-2.0560-02  1.4312-02-9.8780-03  1.1530-03-4.6003-03 
1.4197-02-2.7154-02-7.1005-04  9.9767-06 
STEAMY"  2,3388-01 

2,4853-01-3.4509-02-3.5876-02-5.2433-02  8.9556-02-3.4932-02 
2.1024-02  2,1426-02-1.3363-02  1.5526-02-2.7824-02  1,2223-02 
2.1944-02  3,1979-03-8.1365-03-7.6075-03-8.1258-03  6.3901-03 
2,8715-03-1,6781-02  2. '■.084-02-4. 1637“04 

5.9230-01-3.3543-01  6.1987-03-7.0680-02  2.5137-03  7.3905-02 
■6.0930-02  4,1074-02-1.4007-02  3.0241,-02-9.  1051-03-1.0542-02 
3.3842-02-2.5640-02  1 . 3526-02-1 . 55) 7-02  2.7768-03-1.7941-02 
1.4752-02-1.3426-02-1.3290-02  5.994'*-03 
STEAMY"  -2.2684-01 

•1.1334-01-3,0366-01  2 . 1)440-0  1  1 ,54r,0-0 1-1 .8398-01  7.8705-02 
1.6171-01-8.9066-02-1.7  787-02-1.  124,(-02-5.  i  l  J9-0  3  4.7011-0  2 
■1.6737-02  2.4646-02-2.0876-02  6.54?3-03  2.6117-02-3.0209-02 
-3.1533-02  2.8969-02  3.1594-03-6,0360-03 

4.9070-01-3.0658-01-2,6619-01  2.6385-01  3.9637-03-1.4944-02 
8.5287-02  9.4112-02-4.5092-02  1.2930-02-4.7200-02  2.7945-03 
■2.1844-02-2.7991-03  1.4240-02-3.4700-02  2.7301-02-1.0044-06 
•2.4101-02-1.8640-02  2.5236-02-7.7280-03 
STEAMY"  -3,530''— 01 

9.6317-03  6,6699-03-6.6812-02  2.38?b-02  4.5981-02-1.5572-02 
2.0140-03-2,7622-04  4 .4953-03- I .690^-03-0 . 8100-04  2.21S9-03 
2, 2 135-0 3-3. 5 0Q2-04- 3. 24 4 1-06-5. 258 ^“04-2, 5803-04-2, 0002-03 
•2.1642-04-2. 1970-04-4.9990-04-2.1940-03 

1.0031-01-3.3158-02  8. 2482-03-5. 66q''-02  1.6413-02  2.9264-02 
■3. 0585-04-2. (1376-03  1.1382-03  2.2947-03-3.4685-03  1.5525-04 
3.8950-05-2.5040-04  3 .4605-04 -2 , 4 37l,-04  2 . 20 10-04- 1 . 04°7-04 
2 . 907 3-04  3.1834-04  9,4174-04  6.3305-05 
STEAMY"  -1,6344-01 

2,3631-0-  2. 3666-03-8, 0631-03  6.5705-03  1,0842-02  2.2689-03 
-2.1977-03  6.6453-05  3.9277-03-4.21 1 3-04-8. 1939-04  8.6537-04 
2.8409-05-1 ,60°6-0  3-4.08 16-04  2 . 1 406-Q3-3 , 5106-04  2.5026-04 
7, 7213-04-8. 9326-05  8.14  35-06-7.  L8'-,2~04 

1.8617-03-1,4646-03  1 . 3 1 67-02-0 . 35n 1-03  8.0028-06  7.1226-03 
-9. 1JO4-04-3. 3692-03- 1.8860-04  1.3471-03-2.2113-03-3.0741-04 
- 1 , 2270-03  2.0260-03-1 ,9685-04-2.3670-04  0,0736-04-2.6337-04 
•6.5587-04  9, ^05l -04- 1,72 70-04-3,53f>3- 04 
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TABLE  X  -  Continue.! 


SCAM  4  CH<Vfi  l  STPA Mr*  4,4276*00 

cpstnr  c'trrrtCTfms 

2.5387*00  2,5081*00-5.5026-02  3.6817-0l-J,4°/>7-Ot  1 . 1  3?7-0  I -8. 6 795-02-8.  4>i  17-0? 
2.2382-02  A.8J  71-U2  6.65OS-02  3.7200-02  2,87t7-02  2.76o2-02  1 .8729-02-1 . 3u 30-02 
-2. 6632-02-2. *>640-02-4. 2170-02-7. 3107-03  2.2760-03  5.7«o°-04  1.0108-02  1.0375-02 
3. 7224-03-4, 8346-03-2. 0211-02-1. 7170-02-1. 0'tOO-OS-0, 8  li(6-03 
sinf  corrrrciCNTS 

-1.8193400-1.0083-01  l.oi01-0t-'(, 8571-01-3. 4300-01-2, 88n8-02  a. 9185-02  2. *3360-0? 
-6.4  777-03  7. 1502-0*1  3. 5832-02-6, 6360-03-3. 0l>79-02-4 ,53?3-02-4.2Afl8-02-4. 413 1-02 
-3. 2080-02-1. 0615-02  4.0514-03  0,0476-03  1.107*3-0?  0. 35(9-03-2. 9073-03-2. 2910-02 
-o.oo>*8-03-l. 5210-02-2. 1713-03  2.8677-03  1, 0066-02  1.3(1(5-02 
SPAM  4  CltPl'f'  2  STE0r'7«  1,47X4*00 

C0STNE  CPfTrtCTElirS 

1.7464*00  1, 3667*00-4. 068O-01-1. 3806-0 l-X.20<3o-0t-1.3O?2-0l- 3, ‘HaO-OS-X, 6440-02 
1.6370-01  5, l°61-02  1.5326-01-5,7552-02  1.2307-02  1.40?6-02  1 .0044-02-6. 02?o-02 
-6.4403-02-2.6668-02-2.1603-02  1. 1620-03-5. 1074-03  4.47(4-02  2,9472-02  2.07?0-02 
-1.4016-02  2. 0012-02-2. 39«n-02  2. 1815-03-5. 0003-02-6. 9340-04 
SIMP  COEFFICIENTS 

-°.  1665-01  5.0062-01  6. 2410-0 1-2. 2708-01-7, 9002-02- 3. 02? 5-0 1-5. 0  359-02-1.5375-01 
-2.0440-02-7.6149-03  6.7446-02  1.1813-01-2,4477-02  6.0467-02  2.6874-02  6.4517-02 
-4. 6500-02- 1.4264-02-5. 6339-02-5. 870P.-03-5. 6291-02-1 .06',2-02-4. 44  30-03  4.5624-02 
-3.6246-03  3.0362-02  1.9253-02  2.0655-02  4.8344-0  3-1.04,(0-02 
SPAM  4  OW'  3  STEaT'VH  1.0017*00 

rosTur  coffrictt-ms 

6.7078-01  6.4152-01-2.6540-01-1.8530-01  1,0462-01  1,33i7-01  7.2024-02  9.5129-03 
-1.2855-01-4.3958-02-1,6261-01  6.7559-03  8.1536-02  0.833t*-02  1 . 057«-Ol-9. 8525-02 
-2.3131-02-0,2674-02  1.0649-02  5.3016-02  4.0482-02  4.5300-02-3.1114-02  2.9001-03 
-6.1539-02  2.0000-02  9.4408-03  6.9153-03  4. 7034-02-3, 663*7-02 
5 JMF  C^FFF  Tc TENTS 

-4.7603-01  7,0361-02  2. 8645-01-3. 8959-01-2, 4339-01  4.98q8-02  3.2490*02  1.72?4-0l 
4.1345-02  2. 2926-02-2. 1205-02-1. 4832-01-1. 1477-02-3. O2!8-02  1,5228-01  8.1056-02 
4.0476-03  3.1050-03-1.0148-01-8.6939-04-1.2899-02  S.OAo^-OZ  2.1546-02  1.5350-02 
-5. 5858-03-5. 2oa0-02  1.3106-02-3.6306-02  .3,0966-02  2,4272-0,2 
SPAM  4  ClIPpP  4  STEAMra  -4.3401-02 

cpsrur  corri-TCTEiirs  ■ 

8.9684-02  2.2452-01  1.1446-01  8. 1247-02- 1 . 8921-01 -6 . 35i 8-03  7,6727-03-1.6704-02 
4.2116-02  1,4504-03-5.4139-02  5.8498-03  1.4019-02-3.3460-03  7,8687-03-8.8079-03 
-2,2074-02  4.5113-03  1 .7225-02-4. 58Q,-03-4 .8467-03  3.80(7-03  1.0491-03-3.  1797-03 
1.1203-02  6.20*6-03  2.7036-03-8,0698-03  5.8641-08  6.117x3-03 
SIMr  CiYFFTc TENTS 

-5 . 4280-01-1 ,404 1-01- 1 .3178-02  8.4167-02  5 . 29£9-0?-6 . 0 1 ?»-02  1.5500-04-1.1690-02 
-4.0083-03  5.8520-02-5.1798-04-3.4507-02  7.0665-03  2. 618^-03  7.1836-03  1.87°2-02 
-2.9156-03-1.8974-02  1,1460-02  1,0929-02  4,0954-03  1. 89,(3-03  4 . 1982-03-7. 1690-03 
-1.3746-03  1.1940-03  7.R25R-03  3.3101-04-6. 3593-03- l .8o?3-04 
SPAM  4  CIIPl’P  5  STEAN’ra  -5.6057-01 

roSTMr  OFrrtcTFtirs 

-9.0072-02  3.29*6-02  3.9979-02  6. 9683-03-2. 820«-02-2. 1838-04  1.0840*02-1.5430-03 
-1.0609-02  1. 2660-03-4. 3263-04-9. 4291-04 -2. 0302-03- l. 996 l-03-l .6262-03-5.1682-03 
1.6857-03-1. 9143-03  1.0538-03-1.2567-03  4. O846-04  8 . 0337-04-2 .2056-03-3.5855-03 
4.9670-04  4,6480-83  3.0634-03  6.1349-04  1.3930-03  A.  14., 4-03 

si  Mr  corrnc  tents 

-2.6124-01-6.0774-O2-1.4956-02  1,9310-02  7. 1*580-03-2 .  1 3t  7-02-7 . °04 1  -03  9.2630-03 
-1  •  34 504Q3-6. 0326-03-4. 8744-04-3, 6688-0 3-?.. 4067-0 3-5. 09 77-03  2.7827-03  2,0457-0? 
-0. 1659-03-7 . 9302-04  2 . 0484-03-2 . 07°0-03-4 . 4293-03  7,9175-04  1.7573-03  7.3065-04 
-4 , 0974-03  2.1691-03  3.2185-03  2.5550-03  4 . 7534-03-2. 0lx'»-04 
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spam  r>  cnpi't'  i 

c^Ttir  corPricTfiirs 

2.7370*00  2. 75*53*0 a 
1.3476-02  5.80*5^-02 
-4,  10*6-02-5. 2°07-02- 
2.°235-03  2.01*52-02 

simp  corrrtciEMTS 

-1.3257*00-0.8339-02 
-1.0972-01-7.4225-02- 
-1.5526-02-3.8571-02 
1.8252-02-1.4357-02- 
SPAN  5  CIHVP  2 
rosifir  coFrncTp.nrs 
5.0403-01  7.4529-01- 
4.0224-02  1,4148-01 
2.8826-02  3.50<»2-n2 
-2 . 8008-02-1-6162-02 
SIMP  corpriciENTS 
-3.0512-01  5.1823-01 
2.1239-02  1. 5708-02 
-2,0000-02-4.0855-02 
-4.7320-03-3.2325-02- 
SPAN  5  CIIOpP  3 

cosine  corrncTfins 

-4.5268-01  0.3064-01- 
-1.5650-01-4.7462-02- 
-5.1061-02  4.3608-03 
2.3052-02  2 •  7*568-02- 
SINp  CArFFTciENTS 
-1.1174*00-2.5351-01 
-3. 8067-02-7. 36<>5-03- 
-5.0548-02-7.5035-02- 
-2.0829-02  1.4263-02 
SPAN  5  CHOl’P  4 

cos tnf  corrricTeiirs 

-4.8663-01  1.2575-01 
1.1067-03-1.4013-02- 
-°.  0052-03-8. 5356-0  3* 
3.6228-03  5.1070-03 

simp  corrriciFNTs 

-3. 2074-01-1. 0110-01 
5.3640-03  3.3014-03- 
5.1008-03  6.8762-03 
6. 7600403  7.4023-03 
SPAM  5  CINVP  5 

costmc  coFrrictpiirs 
-1,7740-01-6,0144-03 
-2.5430-03-1.1020-02 
-3.7777-03-6.0282-0  3 
-4.3233-03  2.0055-O3- 
SIMP  C0PFF1C1PNTS 
-2.7422-01-5.4820-02- 
1.3022-03-1.0041-02- 
3.3042-03  7.6460-03- 
7.6982-03-6.0246-00 


STEAn-ia  4.3714*00 


2.0321-01 

4,0043-02- 

3.QO71-02- 

1.2513-02- 

3.06*33-01- 
3.0455-02- 
5.6404-03 
2. 010O-02- 
STEAPYa 

7.5505-01- 
6,5716-02- 
4. 0730-02 
1.4016-02- 

5.2869-01- 
1.7326-01 
3.2603-03- 
1.9237-02- 
STEAr  ra  ■ 

1.3175-01- 

■8.0176-02 

7.2125-02 

•6.3602-03- 

3.6906-01- 
1,2334-01- 
■2.2206-02 
2.2565-02- 
STEAPYa  • 

6.4962-02 
-0.6172-0  3- 
-8.1948-03' 
3.3520-03 

7,0528-03 

-1.0311-02' 

3.7814-03 

3,4650-03 

STFAf'YB 

1.3876-02 

0.6250-03 

2.O022-03- 

•4.2973-03 

-1,6145-02 

-1.4302-02' 

-4.0142-03 

4,4177-03 


4.5946-01  6.8829-02  1.64l8- 
-1,4363-02  2.0845-03-8. 94c8- 
-3.3311-02  8.3219-03  1.013**- 
-1.5632-03  1,1286-02  1,1075- 

-4.7200-01-2.7674-01  2.369°- 
-2. 0070-02-7. 7535-03- 1.02n5- 
8,4011-03  4.1529-02  3.5647- 
-1.9165-02-1.1765-02  5.393?.. 
1.2520*00 

-3,8287-01  4.3050-02  7,30o3- 
-8,0587-02-1.8287-02-1.1445- 
5,5714-03  7.0360-02  2.1271- 
-2.6342-03  2.7740-02  4,27*0- 

-5. 7726-01-3. 2.400-01-0.  Sf.gS- 
7.7830-02  4.9492-02  6.253°- 
-6.1854-03  1.2767-03  1.0206- 
-1.0069-02-3,0740-02  l.93ft2- 
-8.7778-03 

-3.2281-01-1.3295-02  2. 43s3- 
1.3623-01  1.1644-01  1.61r,r>- 
3. 1227-02-0. 554 7-03-1, 605s- 
-1.3963-02-1.5325-02  2,27]3- 

■2. 2840-01-2. 0273-01-6. 3932- 
-1.3355-01  7.3285-02  7.20*>2- 
4.6958-02  2,6175-02  1.85i7- 
-6. 074 3-05- 1. 0754-02-2.5021- 
-2.2891-01 

5.3635-02-0. 1644-02-4. 89?7. 
-8. 1707-03-8 .6882-03-1 .22o°- 
-2. 1801-03-2. 0901-03-2. 80P.O- 
7.0846-03  7.0674-03  8.86o5- 

1.9410-02  2, 0890-02-4. 5022- 
-7.9115-03-6.2563-04  4.07j5- 
5.4434-03  9.7513-03  8.6038' 
3.8115-03  2,8083-03  2.24‘J. 
-5.0105-01 

3.0900-02-2,0900-02  t.97o‘>. 
5.3299-03  1. 0945-02-3. 264?> 
-1.7787-03-4.0323-03-6.870°- 
3,6942-03  3.2742-04  1.7731- 

1.1136-02  6.2709-03-4. 1626- 
-9.0268-03-1. 1211-02  3.98rt5- 
6,5319-03-1.0004-03  3,183°- 
4,2806-03  5. 2101-03-6. 36n3' 


■01-3,4084-02-1. 1315-01 
•02-3.0797-02-3,6555-02 
•02  4,0701-03  t. 2552-02 
■02 

■02  9,0  0  34  -02-  3.3156-02 
-01-3.4406-02-1.5188-02 
•02  2. 3110-02  1.6471-02 
•03 


02  7.1778-02  1.0476-01 
01-1.0450-01  3.3472-02 
02-7.7000-02-5.2011-02 
02 

02-8.5631-02  3.3904-02 
02-1.0143-01-9.3661-02 
01  3.7977-02-1.604Q-02 
02 


■01  2.1067-01-1.3908-01 
-02-9,1477-03-7.8773-02 
-02-3.1352-02-1.0091-03 
-04 

■02  1.0058-01  2.6651-01 
■02  7,4047-02  2.1442-02 
-02-7,0507-03-3.2155-02 
-02 


03  1.3559-02  1.4914-03 
02-7 , 0609-03-6 . 4245-03 
03-1,8407-03-1.2524-03 
03 

02-2.6775-02-8.1156-03 
04  5,1116-04  5.1458-03 
03  9.6506-03  8.6771-03 
03 


03  1,0931-02  6.7939-03 
02-5. 1064-04-2.3541-03 
04-3.3911-03  5.0265-03 
03 

02-1.0555-02  1.8362-03 
02-5.3402-04  7.1120-03 
03  8.5765-04  2.0242-04 
03 
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TABLE  XI. 

AIRCRAFT  TRIM 

CONDITIONS 

Nominal 

calibrated 

Aircraft 

Rotor 

Shaf 

Airspeed 

Airspeed 

Heading 

Speed 

Angl 

(kt) 

(kt) 

(deg) 

(rpm) 

(deg 

0 

0 

030 

188 

-1.7 

0 

0 

210 

188 

-  .7 

0 

0 

270 

188 

-  .9 

120 

115 

290 

188 

-3.7 

120 

116 

110 

188 

-t.9 

lUo  ' 

139 

290 

190 

-U.8 

140 

139 

110 

189 

-U.8 

170 

163 

290 

180 

-5.7 

170 

161* 

110 

188 

-6.3 

APPENDIX  III 

PREDICTED  AERODYNAMIC  LOADING 


Tables  XII  through  XV  contain  10  predicted  harmonica  of  aerodynamic  section 
loading  (pounds  per  inch  of  span)  for  forward  flight  and  for  hover.  These 
section  loading  data  include  the  effects  of  variable  inflow  from  a  pre¬ 
scribed  helicoidal  wake  analysis  and  the  effects  of  blade  motions  from  a 
normal  modes  blade  dynamics  analysis.  Ten  harmonics  of  loading  are  con¬ 
sidered  to  be  the  practical  limit  of  the  section  loading  prediction  method 
in  its  present  form. 
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Airspeed  :  120  kt  Blade  Pi ted  at  Root:  12.600°  :  -1.500 
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APPENDIX  IV 

MEASURED  ACOUSTIC  OCTAVE  DATA 


uctave  band  noise  data  for  the  forward  flight  cases  is  presented  in 
Figures  53  through  55  as  plots  of  SPL  vs  time.  These  data  are  for  flyovers 
at  an  altitude  nf  1000  feet  for  the  nominal  airspeeds  given  in  tne  figure 
titles.  Figure  56  presents  azimuthal  plots  of  the  noise  level  in  each 
octave.  Levels  tend  to  be  highest  in  the  vicinity  of  330  degrees  of 
azimuth,  corresponding  to  the  occurrence  of  RIN  as  explained  in  Section 
h.2.1.  Figures  57  and  58  are  included  to  show  the  difference  between 
typical  RIN  and  no-RIN  hover  noise  observed  during  this  program.  Each 
spectrum  is  an  average  of  16  spectra.  Averaging  tends  to  broaden  the 
peaks  of  the  discrete  frequency  components  because  of  slight  variations  in 
proton  rotational  speed  and  small  deviations  due  to  lead-lag  motion  of  the 
' 'fotor  blades. 

1 
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Sound  Pressure  Level-  Sound  Pressure  Level  - 

dB  ref.  0.0002  microbar  dB  rof.  0.0002  microbar 


0 .  63  Hz  Octave 


d.  125  Hz  Octave 


Figure  53.  Continued. 
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Sound  Pressure  Level  - 
dB  ref.  0.0002  microbar 


h.  2000  Hz  Octave 


Figure  53.  Continued. 
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overhead 
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Time  -  sec 

c,  63  Hz  Octave 


Figure  5^.  Continued. 
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Figure  .  Continued.. 
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Sound  Pi 

dB  ref.  o. 


Time  -  sec 


a.  Overall 


Time  —  sec 


b.  31*5  Hz  Octave 


Figure  55-  Octave  Band  Flyover  Noi3e  -  1JO  kt . 
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I  I  I 


Time  -  sec 

c.  63  Hz  Octave 


Figure  55.  Continued. 
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Sound  Pressure  Level-  Sound  Pressure  Level— 

dB  ref.  0.0002  microbar  dB  ref.  0.0002  microbar 


i*  4000  Hz  Octave 


Figure  55 ,  Concluded. 


Figure  56. 


Figure  56.  Concluded. 
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APPENDIX  V 


COMPUTER  PROGRAM  DESCRI PT JON 


The  mechanics  of  a  rotational  noise  nredi ctinn  fnmnnt.pt'  ■nwicrnm  sp- 
suribed  in  this  appendix.  Basic  equations  are  presented  in  terms  of 
engineering  symbols,  and  names  of  variables  used  in  the  program  are  defined. 
User  instructions,  and  hardware  and  software  requirements  are  not  repeated 
here  since  Appendix  I  contains  this  information. 

V.l  Fundamental  Equations 

The  notation  of  Sections  1.2  through  1.1  is  used  in  the  following  equations. 
The  acoustic  pressure  of  harmonic  m  as  a  function  of  time  is 

Pm[t]=  Um  COSmiDt  +  Vmsinmu)t 

where  u  is  the  blade  passage  frequency.  Since  acoustic  data  normally  are 
root-mean-square  quantities,  the  preceding  equation  is  more  readily  used 
in  the  form 

P,nrmi  “  ^5  ^T 

which  is  the  basis  of  sound  pressure  level  of  the  m harmonic  in  decibels 
given  by 


The  constant  (2.9xl0-^)  is  the  acoustic  reference  pressure  converted  from 
microbar  units  to  pound  per  square  inch  units . 

The  following  equations  trace  the  progression  from  u  and  v  values  back  to 
the  starting  point  of  differential  pressure  c  the  rotor  blades. 


=  'kf  /bqiVd 

•'a  t>/n 


d* 


The  factors  q^,  q^,,  and  q^  are  given  by 
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q  i  =  [*  -  r  COS  *]  cos0(.sinf3  sin^-  cos|Ssin0cos^'  +  $m0co$0cosd>_ 


-  f*  -rsirni'llcoifljinisimi'*-  smflcosli 

*■  “  l 

; 

4-  Z  |cos0cos0cosd>  +  sin0[cosjS$in$coi^-  sin0sinl]| 

«2 

=  om/_  cos  n  xmifcL  sin »)  ^ 

I  +  hm(  »inh  WU  COStl 

V  13  ) 

1  \  »3  *o*2  ) 

q3 

=  0m(_iinj2  + C0$»?\ 

+  hm  (-  CO St  _  mtJ  sin  V  l 

where 

\  s3  «o*!  / 

\  *3  Jo*!  / 

n 

-  maj[  jL±.  _a_  1 

V  n  »ol 

and  s,  the 

distance  from  a  point  in  the  rotor  disk  to  an  observer 

1  X  V(«-rCOS^)3+  (y-rsin^)24.  l{ 


The  final  link  in  ‘the  progression  connects  the  k  and  h  terms  with  the 
differential  pressure  L(r,  </>)  acting  across  the  Blade  cftord  at  radial 
station  r  and  azimuthal  blade  location  Ji. 


-  J-  /  L(h 
rb  / 

VZr 

,  =.  L(r 

1Tb  I 
*/2  r 


l/-)  COSmnJ'd^' 


(r,^)  sin  mi.f  dw 


Here,  n  is  the  number  of  rotor  blades,  b  is  the  maximum  thickness  of  the 
blade,  and  c  is  the  length  of  the  blade  chord. 

The  present  analysis  assumes  that  b  is  not  a  function  of  radius  and,  there¬ 
fore,  may  be  treated  as  a  constant  term  in  all  integrations. 

Important  correspondences  between  engineering  symbols  and  the  symbols  used 
in  the  programmed  equations  are 


— 

GMAH, 

GMARI 

h 

m 

= 

IiMAB, 

hmaei 

s 

= 

S 

r(ii 

= 

Ql 

qaQi 

= 

Q2 
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n  Q1 

— 

*3  ‘ 

v 

U 

= 

UMF 

m 

V 

s 

VMF 

m 

p 

ST 

PMRMS 

m 

rm 

SPI, 

SPLM 

V .  2  Program  Symbols 

The  following  symbols  are  generated  within  the  program  and  are  used  for 
the  CARD  or  DRUM  input  modes  (input  modes  are  explained  in  Section  1 . 5 -^ )  • 
Symbols  used  during  the  processing  of  raw  data  from  analog  tapes  (TAPE  in¬ 
put  mode)  are  not  included  because  the  tape  notation  and  format  is  unique 
to  Sikorsky  Aircraft,  and  inclusion  of  these  particular  symbols  would  not 
make  the  computer  program  any  easier  to  review.  Symbols  for  input  data  are 
described  in  Section 


AZMTH(l)  Azimuth  array  0  to  360  deg  in  2.5-deg 

increments  (I  =  1  to  lkk) 

AZMTH2(I)  Azimuth  array  0  to  2tt  rad  in  (2,5ir/3.8o) 

rad  increments  (I  =  1  to  lM) 


AZMTH3 ( I ) 
AZRAD 


Azimuth  array  every  DPRAD  radians  from 
0  to  2it,  maximum  I  of  288 

2.5°  expressed  in  radians 


AZUl(I) 


Azimuth  points  I  along  the  chord  for  a 
given  nominal  azimuth 


B  Blade  pitch  angle 

BEE  Equals  "B"  in  Hollerith  used  to  designate 

bottom  of  blade 


BLADES 


Number  of  blades 


CHORD ( I ) 


CH0RD2(l ) 
COSINE(I) 


Chord  station  array  used  in  the  average 
quadratics  integration  to  get  airloads 
(I  =  chord) 

Interpolated  chord  station  array  used  in 
integration  of  (i/<  ,  R)  and  h^  (iJ>,R) 

Cosine  array  defined  every  DPSI  degrees 
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COSRN(I) 

DATA1 ( I ,  J,K) 

DEE 

DPRAD 

DPSIl(I) 

FI(I,J) 

FW(l) 

GMAR(I,K) 

GMARI(I,K) 

GPSl(l) 

CFSIl(l) 

GPSI2(:0 

HARMS 

HMAR(I,K) 

HMARI(I,K) 


Cosine  array  whose  elements  are  calculated 

o  +  ^  iwftwl  rtf?  /■>  Vi  ✓>  »*  rl  o  +  ■?  nn  n  n  r?  no  Qf? 

In  calculating  Fourier  coefficient"  of  acoustic 
airloads 

Scaled  and  corrected  average  pressure  cycles 
where:  I  =  data  point,  J  =  chord,  K  =  radial 
station 

Equals  "D"  in  Hollerith  used  to  designate 
differential  pressure 

Ai(j  expressed  in  radians 

Differential  pressure  array  along  chard,  used  in 
averaged  quadratics  integration 

Gaussian  integration  factors  for  radial  station 
I  and  chord  station  J 

Temporary  array  used  to  store  airloads  just 
before  harmonic  analysis 

cosine  coefficient  of  acoustic  pressure 
pulse  where  K  =  radial  station,  I  =  azimuthal 
station 

cosine  coefficient  of  acoustic  pressure 
pulse  after  interpolation.  I  =  up  to  288, 

K  =  10  or  20 

Differential  pressure  array  along  a  chord, 
used  in  average  quadratics  integration 

Array  used  in  integration  of  g  (<Jj,R)  and 
hm  (*,R) 

Differential  pressure  array  along  a  chord, 
used  in  average  quadratics  integration 

Array  name  for  pitch  and  flapping  angle 
harmonics  used  for  DRUM  input  mode 

ra  sine  coefficient  of  acoustic  pressure 
pulse  where  K  =  radial  station,  I  =  azimuthal 
station 

s^ne  coefficient  of  acoustic  pressure 
pulse  after  interpolation.  I  =  up  to  288, 

K  =  10  or  20 
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IRS ( I ) 


J.OJ. 

IX 

IY 

LAZI 

LIRS 

NBLANK 

NCH(I) 

NCHAK(I,J) 

NO 

NOPTS1 

NXY 
PI 
PI  2 

PMRMS(I,J) 

POINT (15) 

Ql(I>J) 
Q2(I,J ) 
Q3(I,J) 

S 

SINE(l) 


Instrumented  radial  station  counter, 
counting  from  blade  root.  If  station  bad, 
then  IRS(l)  =  0 

■LSI  =  (DPSI/2.5J  i  1;  if  ^  0  then  TSI  =  1 

The  number  of  radial  intervals  to  be  used 
in  the  double  integration 

The  number  of  azimuthal  intervals  to  be  used 
in  the  double  integration 

The  number  of  aximuth  stations  as  a  result  of 
interpolation.  This  is  calculated  knowing  DPSI 

Number  of  good  radial  stations 

Word  with  all  blanks  in  it 

Total  number  of  chord  stations  for  radial 
position  I 

Blade  instrumented  station  designation  for 
radial  station  I,  chord  station  J.  If  =  0, 
then  that  station  is  not  useable 

Control  word  used  to  check  whether  or  not 
to  execute  an  option 

Number  of  radial  stations  before  interpolation 
(including  end  points  .19*+  and  1.0)  (up  to  7) 

Number  of  Gauss  points  and  weights  to  be  used 

PI  =  3. 14159 

PI  2  =  6.28318 

Sound  pressure  of  harmonic  I  at  field  point  J 

Gauss  integration  points  (normalized) 

Functions  used  in  a  double  integration, 

I  =  azimuth  and  J  =  span 


Distance  from  element  of  rotor  disk  to 
field  point 

Sine  array  defined  every  DPSI  degrees 
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SINRN(l)  Sine  array  calculated  for  each  instrumented 

chord  station  and  used  in  Fourier  analysis  of 
fcicousuxc  axiiuado 


SPAN(T.) 

Radial  stations  used  in  a  double  integration, 

L  =  1  to  20 

SPLM(I.J) 

Sound  pressure  level  of  harmonic  1  at  field  point  J 

TEE 

Equals  "T"  in  Hollerith  used  to  designate 
top  of  blade 

TEM1(I) 

TEM2(I ) 

Temporary  arrays  used  in  Fourier  analysis 
subroutine  arguments 

TIMPI(I) 

TEMP2(I) 

TEMP3 ( I ) 

Temporary  work  arrays  used  in  the 
interpolation  of  (MAR  and  HMAR 

UMF(l , J ) 

VMF(I,J) 

Components  of  sound  pressure,  I  *  harmonic 
order,  J  =  field  point  number 

W(I) 

Temporary  vori  array,  I  *  l,lU 

WP01NT ( I ) 

Gauss  integration  weights,  I  »  1,15 

XLM(I,J) 

Cosine  component  of  section  loading  harmonic  J 
at  radial  station  I 

XMM(I , J) 

Sine  component  of  section  loading  harmonic  J  at 
radial  station  I 

XLO(l) 

Steady  component  of  section  loading  at  radial 
station  I 

XO(I) 

Array  used  in  interpolation  routine 

YES 

Control  word  used  to  check  whether  or  not 
to  execute  an  option 

YO(I) 

Array  used  in  interpolation  routine 

V.3  Program  Logic  and  Subroutine  Names 

The  general  flow  of  operations  in  the  program  is  as  follows  for  the  CARD 
input  mode. 

1.  Accept  harmonics  of  differential  pressure  from  cards.  Sum  these 
harmonics  to  produce  the  differential  pressure  at  each  span  and 
chord  station  every  DPSI  degrees  of  azimuth. 
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2.  If  output  from  E386  is  desired,  calculate  the  blade  section  load¬ 
ing  (airload,  pounds  per  inch  of  span)  by  integrating  the  differ¬ 
ential  pressures  across  the  chord  at  each  span  station.  A  trape¬ 
zoidal  integration  routine  is  used.  If  E366  is  not  desired,  skip 
to  Step  l*. 

3.  Proceed  through  E386. 

U.  If  noise  levels  based  on  the  actual  chordvise  pressure  distribu¬ 
tion  are  required,  interpolate  to  provide  Ul  points  along  the 
blade  chord.  These  points  are  required  to  define  the  Fourier 
coefficients  of  the  pulse  shape  (chordvise  pressure  distribution). 
If  noise  based  on  the  actual  chordvise  distribution  is  not  de¬ 
sired,  skip  to  Step  12. 

5.  Calculate  GMAR  and  UMAR  for  a  particular  noiBe  harmonic  and  store 
them  on  magnetic  tape  via  I/O  unit  lU . 

6.  Interpolate  GMAR  and  HMAR  if  288  azimuthal  and/or  20  radial  points 
are  desired.  This  interpolation  produces  GMARI  and  HMARI. 

7.  Calculate  Q  arrays  for  the  first  field  point. 

8.  Calculate  UMF  and  VMF  components  of  acoustic  pressure  for  the 
first  field  point. 

9.  Calculate  SPLM  for  the  first  field  point. 

10.  Repeat  steps  7,  8,  and  9  for  the  rest  of  the  field  points  (field 
point  loop), 

11.  Repeat  Bteps  5  through  10  for  the  rest  of  the  noise  harmonics 
(harmonic  loop) . 

12.  Repeat  steps  1  through  11  for  the  remaining  flight  conditions  or 
"data  bursts"  (burst  loop). 

Steps  1  through  5  are  omitted  vhen  the  DRUM  input  mode  is  used.  The  CMAR 
and  HMAR  coefficients  stored  on  tape  are  read  into  the  memory  of  the 
computer,  and  calculations  begin  with  the  interpolation  to  produce  GMARI 
and  HMARI. 

Subroutines  called  by  the  main  program,  E6t6,  are  listed  belov.  System  i'mb- 
routlnes,  such  as  COS,  SIN,  ALOGIO,  NTRAN,  etc.,  are  not  mentioned. 

Sequence  codes  are  explained  in  Section  V.1*, 

AVQUAD  Performs  integration  by  averaged  quadratics  based  on 

Lagrange  interpolation;  sequence  code  is  L76A. 

BLODAT  BLOCK  DATA  subroutine;  sequence  code  is  L76B. 

CUBIC  Subroutine  used  by  CURVIT;  sequence  code  is  LJ6f. 
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CUE  Calculates  an  array  (Ql,  Q2,Q3)  which  is  a  function 

of  azimuth,  radius  and  observer  location.  A  double 
integration  of  this  variable  yields  the  sound 
pressure  components  ana  *m;  sequeucc  coda  is  L7 £C. 

CURVIT  L'ubie  interpolation  subroutine;  sequence  code  is 

L7oV. 


DFSRIE 

E386RD 

INPUTA 

INTERP 

OUTSPL 

PARAM 

SIMCOR 


Computes  the  coefficients  of  a  Fourier  eeries;  j 

sequence  code  is  L76D. 

Calculates  SPL  based  on  a  rectangular  chordwise 
distribution  of  pressure;  sequence  code  is  L76E. 

Reads  and  prints  out  card  input;  sequence  code 
is  L76I. 

Linearly  interpolates  pressure  pulse  harmonics  up  to  1 

20  blade  span  stations  and  288  azimuths;  sequence  j 

code  is  L76P.  j 

1 

Output  subroutine;  sequence  code  is  L760. 

Subroutine  UBed  by  CURVIT:  sequence  code  is  VJ6X.  I 

Simpson's  integration  boutine;  sequence  code 

is  L76S.  ( 


TRIDAG  Subroutine  cd  by  CURVIT;  sequence  code  is  LT6T. 

The  next  three  subroutines  are  used  to  process  aerodynamic  data  contained 
on  digital  tape. 


MERGES 


RDKU 


Combines  the  absolute  pressure  of  the  instrumented 
top  and  bottom  blade  stations,  to  produce  only 
differential  pressures  for  all  blade  stations; 
sequence  code  1b  L76G. 

Reads  in  one  record  from  the  proper  input  tape, 
where  two  records  make  up  one  azimuthal  pressure 
cycle;  sequence  code  is  L76R. 


UNPACK  Unpacks  an  array  containing  tape  information  (two 

records)  into  separate  arrays  representing  azimuthal 
pressure  cycles  for  each  pressure  transducer  channel; 
sequence  code  is  L?6U. 


V.U  Program  Listing 

Figures  59  and  60  contain  a  listing  of  the  source  deck  of  the  computer 
program.  The  last  8  columns  of  the  80-column  cards  have  been  used  to  se~ 
quence  the  deck.  The  first  b  characters  of  a  sequence  number  identify  a 
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statement  with  a  specific  subroutine  or  with  the  main  program,  and  the 
last  1*  characters  locate  the  statement  serially  within  the  appropriate 
area  of  the  program.  Symbols  are  defined  in  Sections  1.5.1*  and  V.2. 


SI  FOR  EfcTfe 

C  ROTOR  NO  I S(  PROGRAM  FOR  W.  BAUSCH  UY  G.  CAUPE  •  L76M0010 

COMMON  /OKI/  IOD*BO*AA* XA ( 5*9 1 *OPSI *RR( 5>  *OMEO*CC*MBLAOE*MLIMRN*  L76M0020 

*  MLtMDp.KFPlOO) *YFP(20)*ZFP(20>.<iAMA*l«i,BLAOEL'BO*»lC. BIS. PUNCH.  L76M0Q30 

«  LSPAN.FROCIJO)  *TCOP.'Sl.OPEI10*5>*OFFStT(10*9T*KUim(S>ilBUHS1*  L76Moo4fl 

*  1RS(9) * I TRACK  (5) . FI |5*5> .NCHANI9* 5> .E3860P.NFT, AN8'KEY1»KEY2»  L76MOO10 

*  KEY3'NHH.CAPRF(20> > THETAF (20> * ALFAF ( 201 *OPRONO.NCH<S) ' INTERN.  U76H0060 

*  IREEL.HC.NTBOX15.10I  ^STATCd. 10) .USTATR(9 . 10> • ISET <91 • IREELS*  L76M0070 

«  NOCHIMiLAZI  L76H0080 

COMMON  /8K2/  NCYCLE.CYCL£S*KU»N0IV<4 I iBMASK<6) »NH(435)  .LIRS.  LT6M0090 

*  KTRACK»KeURST«KREC.N01d44.1Q,5i  .ND2< 144. ) 0.9) . XLfl<7) *XU4<7»40> *  L76MQ100 

*  XMM(  7*40) 'TEMPI  17)  *TEMP2t  7).TCMP3<7)  »P1*AZMTH2<  !**<*>  *A2NTHll‘l,t>t  L76M0110 

*  OPRAO. AjRAO.NO, yES.NBLANK. TEE. OEE  tOEE.GNARI (288.20)  .  L76MOUO 

*  HMARI<268*20I >XO(20t  L76M0130 

COMMON  /SKI/  SPLMU0.20>«AZMTH3<288).  L76M0I40 

*  SPAnI20>*  PMRMS* 1 0*20) *  L76M0130 

*  ICHANt no*S) «COSINE 1288) > SINE (288) > BLADES* CARD* TAPE  L76MOI60 

INTEGER  TCOP, CARD, TAPE .E3660P. OPRONO.YES  U76MOI70 

DIMENSION  ID) 10 )  U76M01B0 

DAT*  ID/,M.I,*‘H2'*'H3,*,H4'**HS‘**H6,*,H7'.'H8«*,HG,*,HI0'/  L76M0190 

COMMON  /TEMPUS/  TIME* COUNT  L76M0200 

OlMENSlQVI  0 AT Al( 144*10. 5).0ATA2(i 44. 10»5l.FN(144) • CHORD! 7) >  L76M0210 

*  GPSl<7l*QPSIt(7)*TcMl(30)>TEM2  4  30i>CNOR02<41)>sPSI2<1*I)*GPSl3<AI)L7bM0220 

».C0SRN(41).SINRN<41)  L76M0230 

EQUIVALENCE  (NOl .CATA1 ) *  (N02.0ATA2) . (NN.FN) * (TEMPI, CHORD) ,  L76M0240 

»  <TEMP2,SPSI)*(TEMP3,GPSI1)  L76M0250 

DIMENSION  CNi31,3,S>,SN(30,9,5>,ANt31,10,9>,8Nl30*10,5>,  L76M0260 

*  GMAp( 144,3) »HMAR( 144,51  L76M0270 

*  ,01 (288,20), 02(288, 20>  L76M0280 

EQUIVALENCE  (ND2(S761> ,HMAfi) ,  L76M0290 

*  (OMARI  *  AN) ,  L76M0300 

*  (GMARK 1551 1  *8N)  •  (HMARI  *CN> ,  (hMAMI  (776)  ,SN> ,  (ND2*q2)  L76M031O 

EQUIVALENCE  (NOKS76H  •OMARI.  (NOltQl)  L7&M0320 

01 MENS I ON  AZ41I4I)  L76M0330 

DIMENSION  OB  I <2891  L76M0340 

EQUIVALENCE  (OBI. SINE)  L76M0350 

COMMON  /‘NEW/  FO.FtC,FlS.TOTIME,TH£TA  L76M0360 

OIMENSIOH  XU(10.20)«XV(10,20)*P(41)*cOSARG(4I,20>,SINARG(41,20>  L76M0370 

DIMENSION  HARMS(6),BHARM(3>*FHARM(3)  L76M0380 

EQU I VALENCE  ( BO . UNARM ) , ( F  0  *  FH ARM  >  L76M0  390 

NtlME=41  L76M0400 

MSTARTsl  L76M0410 

CALL  INPUT A  L76M0420 

IF(TCOP.NE.TAPEI  GO  TO  199  L76M0430 

REWIND  8  L76M0440 

REWIND  9  L76M045Q 

REWIND  10  L76M0460 

REWIND  II  L76M0470 

REWIND  12  L76M0480 

REWIND  13  L76M0490 

199  LIRS  S  0  L76M0S00 

PI  s  3.14159265  L76M0510 

Oo  1  1=1*5  L76M0520 

IFdRSdl  .NE.O)  LIRS  =  LIRSAl  L76M0530 

1  CONTINUE  L76M0540 

DRRAO  *  DPSI*6. 28318531/360.  L76M0550 

AZRAD  =  <2.b*PI>/l8G.  L76M0560 

A2MTN(1)  =  0.  L76M0570 

A2MTH2U)  a  0,  L76M05B0 

DO  2  1=2*144  L76M059O 

A2MTh2(  1 )  =  AZMTH2U-1)«AZRA0  L76M0600 

2  AzmTH ( 1)  =  AzMTHd*i)42,5  L76M0610 

PI2  =  6 .283163  L76M0620 

AZMTH3( 1 1=0 •  L76M0630 

COSINEdUl.  L76M0640 


Figure  59.  Main  Program  E676. 
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ftortrt 


SINEI1IS0. 

T1=(PI2/DPRA0)+.001 

J=T1 

IFtJ.LE.288)  CO  TO  211 
WRITE<6.212> 


l  ni>M06so 

L76M066Q 

L76MO670 

L76M0680 

L.76M069Q 


212  FORMAT  1 1H1 ,  63HTH£  DIMENSION  OF  AZMTH3  NAS  SEEN  EXCEEDED  AT  STATEML7KM0700 

,  SENT  N°»  211  1  L7aM07in 

iMtriinwik i  i L^iiceof  L  i  6M0720 

*RIT£(6>3S)PI2  L76M 

STOP  L76M0730 

211  DO  4  LAZI£2. J  L76MQ740 

AZMThJIlAZI)  =  AZMTH3(U*2l-l>+OPRAD  L76M0750 

COSINE (LAZI )  s  C0S(AZNTHJ(LA2I) I  L76M0760 

4  S1NEILAZII  3  S1N(AZMTHJ(LAZI)1  L76M0770 

IFtIDD.HE.lt  60  TO  210  L76M0780 

WRITE<6,213t  L76M079Q 

213  FORMAT! 1H1 » 11HAZMTH3(28B 1 1  L76M080U 

*RIT£t6.35l  IAZMTH3tL>.LSlt28Sl  L76M0810 

210  BLADES  s  NOLADE  L76M0620 

T1  s  1./41.  L76M0830 

CH0RD21 1 1  s  0.  L76M0640 

DO  6  L=2i»0  L76M0650 

6  CH0RD2IL)  s  CHORD2IL-1I  ♦  T1  L76M0855 

L76M0860 
L76M0670 
L76M0880 
L76M0890 
L76M0900 
L76M0907 
L76M0908 
L76M0909 
L76M0910 
L76M0920 
L76M0930 
L76MO940 
L76M09L0 


C  **•  A  1,01)0  LOOP  vN  BURSTS  IS  NEXT. 

7  IFtIDD.NE.il  CO  TO  9300 
CALL  START 

9300  IFtTCOP.EO.CAROl  GO  TO  10 

CARD  L76M0910  BRANCHES  TO  STATEMENT  57  IF  ORUM  INPUT  REQUESTED 

IF  ITCOP  .EQ.  'DRUM*!  GO  TO  S7 
READI5.8)  I BURST 
C  GET  START  OF  BURST  TIME 

8  FORMAT!  11X.I3  1 


C  **•  A  CHOISE  I  MADE  NEXT  t OFT ION)  TO  EITHER  ACEPT  T *P£  OR  CARD  INPUT. L76M0960 


DO  9  Isi.144 
DO  9  J=l. 10 
DO  9  K=i,5 
9  N02(I,J,K1  3  0 

C 

C  LOOP  ON  TAPE  REELS  FOLLOWS. 

DO  11  IREELSl.IREELS 
KU  =  RUN IT  t IREEL) 

IF! IDD.EO.ll 
XWRITEt6.2311  IREEL. KU 

12  CA.L  RDKUlll 
IFtlBURST.NE.KBURSTl  GO  TO  12 
IFtIDD.EO.ll 

XWRITE<6.2311  IREEL.  KU'KHCCiKBURST  .KTltACK 
GO  TO  f!3. 13.13.13. 13. 13»13>13. 14. 1S>16.17>.KU 

13  BACKSPACE  B 
GO  TO  18 

14  BACKSPACE  9 
GO  TO  18 

15  BACKSPACE  10 
GO  TO  18 

16  BACKSPACE  11 
GO  TO  18 

17  BACKSPACE  12 
BACKSPACE  13 

18  NCYCLE  =  0 

C  «♦*  THE  FIRST  CYCLE  IN  BURST  IBURST  IS  RE*0. 

CALL  RDKUlll 
CALL  Rbku  1 2 1 


L76MO970 

L76H0980 

L76M0990 

L76M1Q00 

L76M1010 

L76M1020 

L76M1030 

L76M1040 

L76M1050 

L76M1060 

L76M1070 

L76M1080 

L76M1090 

L76M1100 

L76MU10 

L76M1120 

L76M1130 

L76M1140 

L76M1150 

L76M1160 

L76M1170 

L76MU80 

L76M1190 

L76M1200 

L76H1210 

L76M1220 

L76M1230 

L76M1240 

L76M1230 


Figure  59.  Continued, 
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K8  =  KBURST 
SO  TO  19 

C  •«*  THE  REMAINING  CYCLES  IN  DURST  IgURST  ARE  REAO  RN0  AVERAGED* 

20  CALL  ROKUU) 

IFIKBURST.NE.kB)  00  TO  21 
CALL  RDKIH2) 

IF (KBURST .NE.KB)  GO  TO  21 
C 

C  •*»  SU6R.  UNPACK  UNPACKS  NNI435)  TO  FORM  NDltHJ.KI  WHERE  UDATA 
C  •••  U=CHANN£L*  KiNEEL  Nu . 

10  call  Unpack 
NCYCLE  S  NCYCLE* l 

C  ««*  CHANNEL  LOOP 

K  =  NOCHI IREEL) 

DO  22  J"  l  *  K 

NC  =  ICHANL 10. IREEL) 

IF(IOO-l)  234*216,234 
23h  IFIIREEL-1)  234 *235* 234 

235  IFdoD.EO.l)  WRJTE<6*231 )  NCYCLE* KiNCtNCl I 1*NC 

X  L) 

234  CONTINUE 
231  F0RMATI4I13) 

00  22  1=1*144 

N02 1 1  *  NC  #  JREeL  )  -  ND2U.NC.  IREEL »  ♦  NDl  1 1  iNC*  IREEL) 

22  CONTINUE 
GO  TO  20 

C  •**  AT  THIS  POINT  THE  END  OF  OURST  HAS  BEEN  REACHED. 

21  GO  TO  <27*  23*23*  23*23  *23*  23*  23*  1*4*25*26*27)  *KU 

23  BACKSPACE  8 
GO  TO  23 

24  BACKSPACE  9 
GO  TO  26 

25  Backspace  10 

GO  TO  26 

26  BACKSPACE  11 
GO  TO  26 

27  BACKSPACE  12 
BACKSPACE  13 

28  CYCLES  =  NCYCLE 

C  *•*  THE  AVERAGE  CYCLES  ARE  FOUND  NeXT. 

K  £  ROCHI IREEL) 

DO  29  J=1,K 

He  -  tCHANLIJ* IREEL) 

Do  29  1=1*144 

T1  =  ND2II*NC*IREEL) 

29  DATA2II.NC. IREEL)  =  T 1/CYCLES. 

11  CONTINUE 

C  •**  FILTER  ROLL  OFF  CORRECTION  AND  TAPE  DATA  SCALING  FOLLOWS. 

00  30  1REEL=1» IREELS 
K  =  NOCHI IREEL) 

00  30  J=1*K 

NC  =  ICHANLIJ. IREEL) 

DO  31  1=1.144 

31  FNII)  =  0ATA2U*NC*1REEL> 

CALL  DFSR1E  1 144 *MLIMDP.FN, TEMi ,TEM2) 

ANU.NC.  IREEL)  =  TEM1I1) 

DO  32  I=1*ML1MUP 

ANU  +  l.NC.  IReED  =  TEMlI  1*1) 

32  BN H.NC. IREEL)  =  TEM2<In) 

IF  I IDD.NE.I)  GO  TO  30 

WRITE '6. 33>  IREEL’NC* IFNINA2) *NAZ=lf 144) 

33  FORMAT!  1H0*  5HREEL=.I3*'  T'x*  BhCH*NNEl=*  13*  7X>  35hAvE,  CYCLE 
llTS  HARMONICS  FOLLOW  //  <2Xi1PE10.3*12Eio.3)  > 

ISMLIMOP+l 

WRITE  16  #  34 )  (ANIL*NC*IREEL)*L=1*I) 

WRITE<6.35)  IBNILiHC*1REEL)*L=1iMLIMDP) 


L7BM1260 

L76M1270 

L76M1280 

L76M1290 

L76M1300 

L76M1J10 

L76M132CI 

L76M1330 

POINTL76M1340 

■  Mi  li  •  Ha 

L76M1360 
L76M1370 
L76M1360 
L76M1390 
L76M1400 
L76M1410 
L76M1420 
L76M1430 
:*1REEL76M144o 
L76M14S0 
L76M1460 
L76M1470 
L76M148Q 
L76MI490 
L76M1500 
L76M15I0 
L76M1520 
L76M1330 
L7GM1540 
L76M1550 
L76M1560 
L76M1570 
L76M1S80 
L76M1S90 
L76M1600 
L76M1610 
L76M1620 
L76M1630 
L76M1640 
L76M1650 
L/&M1660 
L76M1670 
L76M1680 
L76M1690 
L76M1700 
L7GMI710 
L76M1720 
L76M1730 
L76M1740 
L76M1750 
L76M1760 
L76M1770 
L76M1760 
L76M1790 
L76M1600 
L76M1810 
L76M1620 
L76M1630 
L76M1640 
L76M1850 
L76M1860 
:  And  L76M1870 
L76M1680 
L76M1690 
L76M1900 
L76M19I0 
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rvo  r»  ft  ftft  ft  ft 


34  FCRMAT(1H0.1X»1PU0.3  /  (2X.13ElU.jn 

35  FORMAT (  /  <2X. 1P£10 ,3. 12E10.3) ) 

30  CONTINUE 

DO  36  1R£EL=1> IREELS 
IFilDC.EO.ii  WKJ IE«6t«0>  IREEL 


L  /6M192U 
L76M1930 
L76M1940 
L76K1950 
L76H1960 


*0  FORMAT ( 1H0* I0HR££l  no.  =>I3»10X.  77HAVE.  PRESSURE  CTCLE  HARMONICS  L76M1970 
XICORRECTeO  FOR  filter  ROLL-OFF  AMD  ENOR.  UNITS)  )  L76M1980 

K=N0CH( IREEL)  L76M1990 

DO  36  JtI,K  L76M2QOO 

NC  =  ICHANL<d< IREEL)  L76M2010 

AN  (1..MC.  IReEU  S  AN(liNC*Ifl£EL)*SLOP£lNCHRCEL)*OFFSET(NC. IReEL)  L76M2020 
00  37  ISJ.MLIMDP  L76M2030 

T1  =  FROC(I)*SLOP£(NC.IHEfL>  L76M2Q40 

ANll»l.NC»IREEL)  =  AN(m.NC,IR£EL)*TI  L76M2050 

37  ONd.MC.  IREEL)  a  0N<  I ,NC> IREEL ) *T1  L76M2Q60 

IF < IDO.NE .1)  60  TO  36  L76M207o 

WRITEI6.38)  NC.  AN(  1, ,NC»  IREEL),  <AN(  1*1,  NC»  IREEL)  dal  .ML  IMOP)  L76M20S0 

38  FORMAT IIXi  8HCHANNEL=.I3,6X.  1K1PE10.3)  /  (27X.10E10.3  /  I  )  L76M2Q90 

WRIT£<6,39)  (BN(J.NC.IRe£U)»ISI.MLIMOP)  L76M2100 

39  FORMAT (  27X,10UPEl0.3)  /  <I7X,  IflElO.3)  )  L76M211Q 

36  CONTINUE  L76M212Q 

***  T'Ne  FOLLOWING  SU0R.  COMBINES  The  TOP  AND  BOTTOM  ABSOLUTE  PRESSURE  L76M2I30 
COEFFICIENT  L76M2140 

TO  PRODUCE  DIPFERENTIAL  PRESS.  COEFF.  CN<31.5«5>.  SN(30»5.S)WHEREL76M2150 
FIRST  SUBS.  =  HARMONIC.  SeCONO  SUBS,  =  ChOR!>,  THIRD  SUBS.  =  SPAN.  L70M2160 
BLADE  PITCH  HARMONICS.  Bo.BlC.DlS  ARE  ALSO  CALCULATED.  L76M2170 

CALL  MERGES  L76M2180 

IFI IDD.ME.1)  GO  TO  240  L76M2190 

DO  239  J=l»5  L76M2200 

DO  239  J=l»5  L76M2210 

vmjTE(6r»7>  CM(1,J,1)  L76M2220 

WRITEI6.47)  (CMK+l.il.  I)  «K=i  .MLIMDD  L76M2230 

239  WRITE!  6*  47)  t  SN(K » U.I )  .I<=1 .  ML  lMOP>  L76M2240 

***  ,NQW  THE  DIFFERENTIAL  PRESSURE  FOURIER  COEFFICIENTS  OF  THE  AVERAGE  L76M2250 

CYCLES  IS  PUNCHED  OUT,  L76M2260 

CYCLES  IS  PUNCHED  OUT,  L76M2270 

IP < PUNCH. HE. YES)  60  TO  41  L76M2280 

240  WRITE! 7,42)  IBURST  L76M2290 

42  FORMAT (  UNBURST  NO.  =»I3«UX«  34H*«*  ROTOR  NOISE  PUNCHED  OUTPUT  *LT6M2300 

X**)  L76M2310 

WRITE  17.43)  Q0.B1CB1S.F0.F1C.F1S  L76M2320 

43  FORMAT! 'BLAOe  PITCH  H*RM0NICSV1F3E10.R»2X' (COLLECTIVE*  L0NGITUDINL76M2330 

SAL,  LATERAL  RESPECTIVELY) ./'ROTOR  FLAPPING  ANGLE  HaRM0NICS'/iP3E10L76M2340 
S.4.2X' (POSITIVE  TAIL  HICH  —  DEGREES)')  L76M2350 

WRITE  (7.431)  L76M2360 

431  FORMAT!  'DIFFERENTIAL  PRESSURE  HARMOL76M2370 

*NICS  FOR  5  CHORD  STATIONS  AT  EACH  OF  THE  5  SPANS*/' (MEASURING  FR0ML7&M23B0 
*  THE  LEAOI.no  EDGE  AND  THE  BLADE  ROOT  RESPECTIVELY),.  )  L76M2390 

C  «**  SPAN  LOOP  L76M24Q0 

00  44  1=1.5  L76M2410 

C  ***  CHORD  LOOP  L76M2420 

DO  44  Jai.S  L76M2430 

WRITE(7.49)  I , J.CN! 1, J, 1)  L76M2440 

49  F.ORMAT!  4HSPAN.I2.2X.  5HCH0R0*I2»7X.  8HSTEA0Y=  *  1PE10.A  >  L76M2450 

WRITE!?. 45)  L76M2460 

45  FORMAT!  19HC0SINE  COEFFICIENTS  >  L76M247Q 

47  F;ORMAT(  edPElO.t)  >  L76M2480 

WRITE(7.47)  (CN(K*1.J,I),K=1,MLIM0P)  L76M2490 

WRIT£(7#48)  L76M2500 

48  FORMAT!  17HSINE  COEFFICIENTS  )  L76M2510 

44  WRITE (7. 47)  <SN(K,  J.l)  .'ksj, MLIMDP)  L76M2520 

GO  TO  41  L76M2530 

C  ♦**  CARD  INPUT  (INSTEAD  OF  TAPE  INPUT)  IS  ACCEHTEO  NEXT.  L76M2540 

10  READ(5.42)  IBURST  L76M2550 

READ  *5.43)  60.BlC.BlS.F0.FiC.FlS  L/6M256Q 

READ  (5,431)  L76M257Q 
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c  *«»-SP*N  tOOP 

00  50  1-1*5 
C  •**  CHORD  LOOP 
DO  50  051 >5 

READ ( 5  *  49 )  IN,JN*CN!1*JN*IN> 


176M2580 
LY6M2590 
L76M260Q 
L76M2M0 
L76M2620 
l 76M2630 


READ (5* 47)  (CN(K*1*J*I)*K=1*MLIHJP) 
READ15.48) 

50  R£AD|5,47)  (SNIK.J* I) ,K=1,MLIM0P) 


L76M2640 

L76M2650 

L76M2660 


««*  AVCRAOE  ClFf ERENYIaL  PRESSURE  CYCLES  EOR  SPAN  I  CHORD  o  AZIMUTH  K  L76M2670 


FOUND  BY  SUMMING  THE  CORRECTED  HARMONICS. 
SPAN  LOOP 


L76M2600 

L76M2690 


Al  THIS  POINT  THE  PRESSURE  INPUT  HAS  BEEN  ACCEPTED  (TAPE  OR  CARD  INPUTL7EM2700 


41  CONTINUE 

DO  120  1=1*3 
HARMS  ID  =BH ARM  i  1 ) 

120  'HARMS! I*3>=FHARMII) 

;  CARD  L76M2750  STORES  BLADE  ANGLE  HARMONICS  ON  DRUM 
C 

c 


CALL  DATCUR  ! * HARMS f .0* 14 .HARMS *6) 

IFlIDD.NE.il  GO  TO  9301 
CALL  CLOCK 
9301  00  51  1=1.5 

C  CHORD  LOOP 

00  51  J=l(5 

T1  =  -AZRAO 

C  «•*  '.AlMUTH  (POINT)  LOOP 
00  51  Ks 1.144 
DATA1  (K. J.  1)  a  CMU.d'D 
T1  =  Tl+AZRAO 
T3  =  0. 

C  HARMONIC  LOOP 

DO  51  L=1.MLIM0P 
T3  =  T3+1 , 

51  /atAiIk*!?!)  a  OATAl (K* Ji 1 )KCN<L*1» J* I>*C0SIT2>*SN!L» J> I>*SIN!T2>  L76M2910 
WRITE (6 #54)  L76M2920 

54  F0RMATUHlr59H01FFEFENTUL  PRESSURE  CYCLES  AT  INSTRUMENTED  BLADE  SL76M2930 
STATIONS  .//  )  L76M2940 


L76M2710 

L76M2720 

L76M2730 

L76M2740 

L76M2747 

L76M2746 

L76M2749 

L76K2750 

L76M2760 

L76H2770 

L76M2760 

L76M2790 

L76H2BO0 

L76M2B.1U 

L76M2B20 

L76M2B30 

L76M2840 

L76M2B5D 

L76M2BG0 

L76M2B70 

L76H2BB0 

L76M2890 

L.7GM2900 


L76M2950 
I.76M2960 
L7GM2970 
L76H2960 

_ _  L/6M2990 

56  FORMATI  2X* 1Q< 1PE13#4 >  )  L76M2Q00 

•  The  FOLLOWING  INPUT  OPTION  OESIDES  WHETHER  OR  NOT  TO  CALL  THE  AcOULT6M3010 
STIC3  PROGRAM  E386  WHICH  IS  A  SIMPLIFIED  VERSION  OF  THIS  PROGRAM.  L76M3020 


DO  53  1=1.5 
DO  53  J=1 .5 
£MIT£(6*55) 
55  FORMAT! I HO > 
53  WRITE (6*  56) 


I.J 

12HSPAN  STATION* I3.5X. 13HCH0RD  STAfTON*  13//) 
(0ATA1!K*U*I>'K=1*I4*> 


52  IF(E3360P,NE.YES)  GO  TO  57 
KK  =  1 
XLOU)  =  0. 

DO  9501  J=1*NHH 
XLM(l.KK)  a  o. 

9501  XMMU.KK)  =  0. 

C  »**  P.AQIAL  STATION  LOOP 
DO  58  1=1*5 
KK  =  KK+1 

IF l IRS! I ) .EQ.O)  GO  TO  58 
IFINCHI'D.EG.b)  GO  TO  59 
NTl  =  NCHin+2 
K=1 

CHOROU)  =  0. 

DO  60  L=l>5 

IF I NcHAN (IiL).EQ.O)  GO  TO  60 
KSK+1 

CHORD (K)=XA!L* I ) 


L76M3J30 

L76M3040 

L7uM3050 

L76M3O60 

L76M30T0 

L76M3080 

L76M3090 

L76M3100 

L76M31I0 

L76H3120 

L76H3130 

L76M3140 

L76M3150 

L76M3160 

L76M3170 

L76M3180 

L76H3190 

L76M3200 


00264 

00265 

00266 

00267 

00266 

00269 

00270 

00271 

00272 

00273 

00274 

00275 

00276 

00277 

00278 

00279 

C028O 

00281 

00282 

00263 

00284 

00285 

00286 

00287 

00268 

00289 

00290 

00291 

00292 

00293 

00294 

00295 

Q0296 

00297 


00300 

00301 

00302 

00303 

00304 

00305 

00306 

00307 

00306 

00309 

00310 

00311 

00312 

00313 

00314 

00315 

00316 

00317 

00318 

00319 

00320 

00321 

00322 

00323 

00324 

00325 

00326 

00327 

00328 

00329 
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60  CONTINUE 
CH0R0<K<1<S 1, 
gpskuso, 

DO  61  Jr l*i<*6 
K*1 

00  62  LSI, 5 

i‘M'm.Mri|i,u,E9,0(  <30  TO  62 
KIK+1 

OPSlIKl  s  OATAKJ.L.  Jl 
62  CONTINUE 

GPSI(K*i)  a  o* 

60  TO  63 
S9  00  66  J=1.144 
FN<JJ  s  0, 

00  65  L=l»5 

s  K ;  s;jj!:s:™‘j,t,,,'F1|,*u 

00  66  J=1.NHH 
KLM(KK»JJ  s  TENl<J*l> 

66  XH«<KK»J)  s  TEN2< J»l) 

58  CONTINUE 
K*  s  KK*1 
XLO(KK»  S  0. 

*$00  X)(W<«K,J)  s  o. 

XRITtt6.2d> 

m  ■qoR202<KK=I,“HXt'°  XLH  *HM  ,///i 

220  F0RMATt//?iPE?^5')>,,<XL'H<KK'J,*JSI,N^H,,<,0<M,KK,J,»‘J*l»NHH> 

lol 

200  CALL  E386RN 

{  5“  XF(OPRONO.NE.YES)  60  TO  7 

c  CARDS  L76N3600  THRU  L76N3640  READ  PRESSURES  FROM  ORUH 

C  V..  ,<T£?P  *NE‘  'ORUMM  60  TO  122 

c  00L121C^^j'  '.HARMS', 0»HA(3MS, 6) 

c  BHARM(ij"=  HARMS (1) 

C  121  FHARMUJ  =  HARMS  (ITS) 

122  CONTINUE 

C  8E6INNI.No  OF  ROTOR  NOISE  ANALYSIS 

callus Tart 00  ro  9302 

9302  T1  =  LSPAH-1 

spam1)*=%9i.;  blaoeu/ti 

DELSPN  s  o.S*Tl 
00  67  L=2.LSPAN 
67  span(l)  s  SPAN(L**1)TT1 
lsMstart-i 

FM=L 

T4  =  BLADES/ ( PI *00) 

DIMENSION  RSO(IB) 

REMIND  28 

IPt.lOO.NE.l)  GO  TO  9103 
OCSRSPANiDPDELSPN 
<J*L  SPAn-2 
00  10005  lsi,j 


L/6M3ifia~  TTOJ30 
L76M322Q  00331 

L76M3230  00332 

L76M3240  00333 

L76M3250  00334 

L/6M3260  00335 

L76H32?o  00336 
L76M32B0  00337 

L76M3290  00338 

L7P.H3300  00339 

L76M3310  00340 

L76M3320  00341 

L76M3330  00342 

L76HS340  00343 

L76H3350  00344 

L76M3360  00345 

L76M3370  00346 

L76H338Q  00347 
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(-^M361D  00373 
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L76M3660  00380 

L76M3690  00381 
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L76M3720  00384 
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0C1=GC2*T1 

RSO( III  PI»lQCl*»2-GC2*»2)/<288.»SPANt I»1>1 
10005  6C2=0CI 

WRITE<6.8826)  1 RSO II > . 1=1 . 16 I 
bu  10  41U.S 

9100  WRITE  16.9104  I  LSD2 

910<*  F0RMAT<1H0»UHNTRAn  ERROR  «  5 1 1 3 > 

STOP 

9iu3  If!5 cOP.EO.'ORUM't  00  TO  119 
WRITE  128)  ND1 
110  CONTINUE 

WRITE  128)  < SINE (I)» 1=1 >288) (BLADES 
END  FILE  28 
LS02S  1 

C  HARMONIC  LOOP 

00  83  MsMSTART.MLIMRN 
REWIND  28 
EM  s  FM*1. 

CARO  L76M4020  BY  PASSES  HARMONIC  GENERATION 

IP  (TCOP  ,ES.  'DRUM')  GO  TO  111 
READ  <281  (ND11I). I=l*7200> 

C  **»  RADIAL  STATION  LOOP 
CALL  NTRAN(29>10) 

00  59  K=1«S 

IFURS1KI.EG.0)  GO  TO  69 
T5SAA/ 1 2 . «RR  <  K ) *OLAO£L I 
C  •**  AZIMUTHAL  LOOP 
00  99  1=1 i 100 
Tl=-T5 
T2=  TS 

T3  -  1T2-T1I/0O* 

T6=T1«BLA0eS*FM 
COSRNU)  =  C0S(T6) 

SINRNU1  =  SIN(T6) 

T6=T2«BLA0ES»FM 
C0SRN<41>  =  C0S1T6I 
SINRNUll  =  S1NIT6) 

A201(1>=T1 

A201«01)=T2 

L-0 

DO  7l  J=2r 00 
Tl=Tl*T3 
r6=Tl*BLADES*FM 
AZ01IJIST1 
COSRNU)  =  C0S1T6) 

SlNRNU)  =  SIN1T&) 

71  CONTINUE 

NT1  =  NCH1K) *2 
KKK  =  1 
CHORD! 11=0. 

GPSII1)=0. 

00  72  L=l. 5 

IFINCHANIK.LI.EO'O)  00  TO  72 
KKK  =  KKK  ♦  1 

chord i kkk )  =  xail.k) 

GPSI(KKK)  s  DATAl(I.L.K) 

72  CONTINUE 
CHOROlKKK+l)  =  1. 

GPSI<KKK«1)  =  0. 

c  -the:  measured  pressure  points  along  the  chord  are  interpolated  to 
C  01  POINTS 

CHOR02I1)=0. 

CHORO2101)  =  1. 

ARE*  =  1./01. 
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L76M0O1B 

L76M0O19 

L76M0O2O 

L76M0O3O 

L76M0O0O 
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ODD  net 


UU  VJIW  I  =<!’«U 

9307  CH0RP2(L)  z  CH0RD2)L-1>  ♦  AREA 

CALL  CURVI T (NTl t CHORD*  GPS  I ( W( 41 ( CH0R02( GPSI2 ) 


LrbMHM/o  0U462 
L76M44B0  00463 
L76M4490  00464 


00  73  L=l«41 

73  GPSI3<U  =  GPSI2»U«C0SRNIL> 

CALL  AVQUA0(41.AZ41  .GPSI3.APEA) 

AREA  s  AREA*T4 

Oio*  ir*bSu«*i*  5luu»*iua(9iuo 
9} 06  CALL  NTRAl)(29>t>l>AR£A>LS02) 

IF)  OD.NEd)  60  TO  2741 
IF(I.OT.IO)  CO  TO  2741 
IF<K.GT,2>  60  TO  2741 
WRITE<6>2742>  IiK(M(NT1 

2742  FORMAT) lhO>2HI-< l5(5X(2HK=> 15(5X(2HN=( I5( 10X( 

X  33  HACOUSTIC  PRESSURE  PULSE  COS  TERN  . 10X.I5) 
WRITEI6>2747)  COSRN 
WRITE)6>2747)  CHORD 
WRITE)6(2747>  OPSI 
XR1TE<6'2747>  CH0RD2 
4RITE<6>2747)  GPSI2 

WRITE<6»2747J  Tli T2(  T3<  T4  #TS*OMAR) l*Kl » AREA»FM 
2747  FORMAT <2X(1P10£1 3(5) 

2741  DO  74  L=l«4l 

74  6PSI3IL)  =  0PSI2(L)«SINRN(L) 

CALL  AVQUAD)41>AZ41  (OPS  I S( AREA) 

AREA  =  ARE**T4 

9iq7  1FILSD2+) )9l00>9107»9l08 

9108  CALL  NTRAUI29rl>l.AREA.L$D2) 

99  CONTINUE 

69  CONTINUE 

9200  IF(LSD2MI  9100»9200«92ol 

9201  CALL  NTRA|I)29»1o) 

DO  9109  K=l(5 

DO  9109  1=1»144 

9110  IF(LS>D2*1 1  9100.9110(9111 

9111  CALL  NTRAH)29(2(1.AReA(LS021 

9112  IF)LSD2*1)  9100(9112(9113 

9113  6MAR(I(K)=ARLA 

CALL  NTRAN)29(2(1(AREA(LSD21 

9114  IF(LSt>2*l>  9100(9114(9115 

9115  HMARU.M  i  AREA 

9109  CONTINUE 


CARDS  L76M409O  AND  L76N4900  STORE  NEW  HARMONICS  ON  DRUM 

CALL  OATCUR  ( '6MAR* ( IOtM) . 14.6MAR(720» 

CALL  OATCUR  (,HmAR',iD(m)(14(HMAR.7201 
60  TO  112 

CARDS  L76M4920  AND  L76M4930  READ  IN  HARMONICS  FROM  DRUM 


L76M4500 

L76M45I0 

L76M4520 

L76M4530 

L76M4340 

L76M4550 

L76M4560 

L76M4S70 

L76M4580 

L76M4590 

L76M4600 

L76M4610 

L76H4620 

L76M4630 

L76M4640 

L76M4650 

L76M4660 

L76M4670 

L76M4680 

L76M4690 

L76M4700 

L76H4710 

L76M4720 

L76M4730 

1.76M4740 

L76M4750 

L76M4760 

L76M477Q 

L76M4780 

L76M4790 

L76M4800 

L76M4810 

L76M4820 

L76M4830 

L76M4840 

L76M405O 

L76M4860 

L76M4670 

L76M4860 

L76M4867 

L76M4888 

L76M4869 

L76M4890 

L76M490O 

L76M4910 

L76M4917 

L76M491# 

L76M4919 

L76M4920 

L76M4930 

L76M4940 

L76M4950 


CALC  PCFDRO  ( 'OMAR* ( IOtM) tOMAR(7201 
CALL  PCFDRD  ('HMAR>(IO)M).HMAR.720) 

112  CONTINUE 

RRITE)6(76)  M  _ 

76  FORMAT ( 1H0 ( 123HCOS  ANO  SIN  COEFFICIENTS  OF  ACOUSTIC  PRESSURE  PULSEL76M4960 

X  AT  E*CH  OF  144  AZIMUTHAL  STATIONS  AT  EACH  BLADE  STATION  FOR  HARMOL76M4970 
*NIC  MS, 13  >  L76M4980 

00  77  1=1,5  L76M4990 

WRITE)6(78)  I  L76M5000 

78  FORMAT)1H0»14HBlAOe  sTAtION=(I2I  L76M5010 

WRITE<6,56)  )6HAR(K(I>(K=K144>  L76M5020 

77  4RITE<6(5bl  IHMAR<K( I ) (K=l» 144)  L76M5030 

«*«  The  FOLLOWING  SUbR.  INTERPOLATES  ACOUSTIC  PRESSURE  PULSE  HARHONICSL76M5040 

UP  TO  288  AZIMUTH  AND  20  OLAOE  STATIONS  L76M5050 

75  IF(IDDdlE.I)  60  TO  9303  L76M5060 


00465 

00466 

00467 

nnitAA 

00469 

00470 

00471 

0047? 

00473 

00474 

00475 

00476 

00477 

00478 

00479 
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CALL  CLOCK  L76M50/0 

9303  CALL  INTERP  _  L76MS060 

i r * iuu* ml  lit  vv  iO  ik  ur&Hsgyo 

CALL  CLOCK  L76MS100 

WRITE<6#80>  LAZI.LSPA*  L76MS110 

BO  FORMaT<1h1>  5»HIMTERP0LaT£0  ACOUSTIC  PRESSURE  PULSE  COEFFICIENTS  *L76M5120 
K  > 13. ix. i7hA<1MUIm  SiAiiOnS#  >  I3i  IX#  1  ?hBl*0E  stations  »  ///>  L76M5130 

00  81  Ul.LSPAN  L76M51K0 

WRITE(6,82)  SPANII)  L76MS150 

62  FORMAT*  1HO>UHBLAOE  SPAN'.  F8.2<  10*. 21H0RARI ( J>  I » •  HMARI ( Jr  M  )  L76M5160 

WRIT£*6.S6)  *GNARI*  J»  D  ,  J*1  iLAZD  L78MS170 

81  wRITE<6.56)  (HNARlIJrl), JsitLA2l)  L76M5180 

C  ***  DOUBLE  INTEGRATION  FOLLOWS  L76M5190 

79  ISI  s  I0PSI/2.51A.01  L76M5200 

T1  s  aB/*9.»PI»  L76H5210 

C  *•»  FIELD  POINT  LOOP  L76M5220 

00  83  NFI£L0=1#NFT  L76M5230 

HFIELO  s  NFIELD  L76M5290 

IF* INTERM. EO.NOtSO  TO  89  L76M52S0 

WRITe*6.BS>  NF lELOr XFP (NF I£LoI » TFP (NFIELD' ' 2pPtNF l£LO R  L76MS260 

85  FORMATTiHl#  12HFIELD  POINTS# 13# 5*>  9HXFPS, iPElO.H #5<# RHYFPs# lPElO.L76N527o 
*  9>5X>  9HZFP=#1PE10.9#15X#  1 1HHARH0NIC  Ms# 13  >  L76M5280 

C  »»•  SUBR.  Cue  MILL  CALCULATE  91  And  92=01*02  01<2S8#20> #02*288.20)  L76M5290 

89  READI28)  (SINE* I t i 1=1 #288! > BLADES  L76M5300 

BACKSPACE  28  L76M5310 

CALL  CUC*2#FM»HF1EL0I  L76M5320 

IF* INTERN, EO.NOIGO  TO  86  L76MS330 

*RIT£<6#87>  lAZI.LSPAN  L76M5390 

87  FORMAT  * ihq#  3HQi(»I3#1H##I2#iH))  L76M5350 

00  86  Isl.LSPAN  L76MS360 

WR1TE<6#89>  1#*0*I)  L76H5370 

89  FORMAT*lHO#  13HSPAN  STATIONS. 13#  1H*>  F6.3#lH>  »  L76M5380 

88  nRITE(6.90>  101 < J# II # J=1 rLAZI )  L76M5390 

90  FORMAT*  2x,1311PE10.3n  L76M5900 

C  •••  The  FOLLOWING  LOOP  EFFECTS  A  DOUBLE  INTEGRATION  WHICH  YIELDS  The  L76MS910 
C  SOUND  PRESSURE  COMPONENTS  UMF (M#NFIELD>  AND  VMF*M#NFIELD> •  L76H5920 

8b  DO  91  KSI.2  L76M5930 

IF* INTERN. EO. NO!  60  TO  92  L76M5990 

I=K+1  L76M5950 

WRITE<6.93)  I.lA2I#lSP*N  L76M5960 

93  FORMAT  I IHo .  iH0,Ii#iH(.I3.1H,#I2#iH))  L76M597o 

DO  99  Isl.LSPAN  L76M5980 

WR1TE<6#89)  IfXOID  L76M5990 

99  WRITE*6.90>  *02*J#I1.JS1#lAZII  L76H5SOO 

C  «**  A  DOUBLE  INTEGRATION  IS  DONE  NEXT.  L76M5510 

92  IF«IOO.NE.l)  GO  TO  9309  L76M5520 

CALL  CLOCK  L76M55S0 

C  RING  ITEGHATION  L76M5590 

IAUDRESLSPAH-Z  L76M5550 

AREASO.  L76M5560 

DO  10006  JS1.IAUDRE  L76MSS70 

OAVR  s  o,  L76M5S80 

DO  10007  1=1>LAZ1  L76H5590 

10007  0AVR=9AvR*Q2* I# J*l>  L76M5600 

OAvRsSAVRPRSO* J!  L76M5610 

WRITE**. 10008)  J#QAVR  L76M5620 

10008  format*  SH  RING* I3.20X.E13. 5>  L76H5630 

10006  AREA=AREA+OAVR  L76M5690 

IF(K.E0,2I  GO  TO  10009  L76H5650 

UR1NG=AREA*T1  L76MS660 

GO  TO  10010  L76M5670 

10009  VR1NG=AREA»T1  L76M5680 

10010  CONTINUE  L76M5690 

9309  IAUnRE  r  LSPAN-I  L76MS700 

DO  8820  Isl.LAZI  L76M5710 

DEI (I >=0.  L76MS720 


Figure  59.  Continued. 
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OL  8821  JS2*1AC0RE 

aimi;7S8ii>'^}i‘i;,ai*l,,5,'BtLi''" 

»«  5ffllKoi«Um"aP«M)'OBI.6*VR.l> 

TlHPilK>aOAVR 

BWl’-UlAjtl 

"•*  assasagssn 

lF<K.C#.2>  60  70  970J 
UtPAP=9AVR 
60  tO  9702 
9703  VTRAP=«AVR 

%5jrir?JDD.tlE.l>  *0  ™  «.«* 

a*vp=2. *oeusPN 

00  10000  ist»*-*zi 
Do  10001  J=1»,1AUD0E 

14001  ^“‘sffiVuUORt.OAVR.AZOl.RREA.d) 

1Q000  08I^I^5*^ 

SSiTeuJe«6>  °oela>.ui.iRO>-o*vR 

f  .USlMeoltul  1*1  »ORRAO»  001 • « AVR*  1 ) 
lFlK.E8.2l  00  tO  10002 
US1MP*0AVR*71 
40  TO  10003  , 

Vw|Xz@2«l  TtPPl<K>.RO<BUAOEL.Tl.BB 
2222  FORMAT  UH0-&E20 .6», 

CALL  CLOCK 

SoV5ol,IROMA=i'^ 

«AVR=OAVR/2a80. 

,02  AVERAGE*  '1R«0.5) 

,”22  iuBR^Cui’ RILL  CALCULATE  02=41*02 

C  READ*'  20)^  1S1NE' 1*  1 1=1  >  208 1 '  ELACES 

C  ALL^CUE^  3*Tm> w  IE<-° 1 
91  xSlMi MF IELO ) sUTR AP 

?fSp!ult  i6  s  tempi <l**tt 
vImpiUJ  s  tEmpi<21*U 
XF’aOO.NE.U  00  TO  95 

....  wT wr  FOLLOWING  ANSWERS  ARC  0 


U76M5730  00! 

L76M5790  00! 

U76MS750  00! 

L76M5760  00! 

L76M5770  00! 

L76M57B0  00! 

L76M97V0  uu’ 
L75H56O0  001 

L76M5810  00 

L76H5820  00 

L76M5830  00 

L76M58NQ  00 
(.76115830  00 

L76MS860  00 

L76M5870  00 

L76H58B0  OC 
L76K5890  OC 
U76M5900  0( 

L76M5910  0( 

L76M5920  01 

U76M0930  O' 
L76H594Q  0 

L76H5950  0 

t76M69bO  0 
L76M5970  0 

L76H59B0  0 

L76M5990  0 

L76M6000  0 

I.76H6010  C 
L76H602O  C 
L7bM6050  < 

L76M60RO  I 
C76M605O  I 
L?6M6060 
L76M6Q70 
L76M60BO 
L76M609O 
L76M610Q 
L76M6110 
L76M6120 
L76M6130 
L76N6L40 
L76M6150 
L76M6160 
U76M6170 
U76MblB0 
L76N6190 
L7bMb2O0 
1,76*46210 
L76M6220 
L76M62S0 
L76M6240 
L76H6250 
(.76M6260 
L76M6270 
L76K6280 


_A  -v  a-  L7ono^ov» 

IF’UOO.NE.U  60  10  95  iictKio  TRAPA2OL76M6290 

WRITE'O.O^^  HTHE  FOLLOWI.NO  answers  ARC  obtaineo  BT  using  A  l76M6300 

twtfRGRATioN  ALONG  THE  BLADE*  '  A7IMUTH*  ^ 


a*  format! IhQ'35  HTHE  FOUW» 

W^IaTUM*  Sol*|aH^|>  'HlHfTcUuLATED  NEXT 
^  ***  ni  s  l»^/i^Al»2l356)* 


■95  PMRMSCNtW 
SPLH(M*NF 

if  i  intern 


LHVNFU12*l^”«'^S0  iEVEl  ARE  CALCULATE”  NE» 
PRESSURE  ANO  SOUND  PR6SSLRe  LOTTLuTRAp,t24VTRAP«2) 

.!n«EL0)  ='2o‘;AiGGi10tpHRHS,N.NPlELO,/2.9E-09) 

tERN;|a.NO)  GO  TO  31000 


L76M6300 

L76H6310 

1.76H6320 

U76M6330 

(.T6H6340 

L76M6350 

L76H6J60 

L76H63T0 

L76N6380 


00594 
00595 
00596 
00597 
00598 
00599 
uuUuO 
00601 
00b02 
00803 
006O« 
00605 
0060b 
00607 
00608 
00609 
00610 
00611 
00612 
00613 
006 14 
00615 
00616 
00617 
00618 
00619 
00620 
00621 
i  00622 

I  00623 
)  00624 

)  00625 

3  00626 

3  00627 

0  00628 
0  00629 

0  00630 

a  00631 
Q  00632 
o  00633 
10  00634 

iO  00635 
10  00636 

10  00637 

70  00638 

90  00639 

90  00640 

00  0064 1 

10  00642 

20  00643 

50  00644 

•40  00645 

•50  0J646 

>60  00647 

270  00648 

280  00649 

290  00650 

300  00651 

310  00652 

320  00653 

330  00654 

340  00655 

,350  00656 

•360  00657 

•370  00658 

•380  00659 
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•  HI  r£'6i  971  H.NFIELU.HMHMSIH.MF1EL0.  .M'HFIELO'SPLMIM.NUtLDI  L/6M6A90 

97  FOUMATliHO*  6HPMRMS(,l2,lH»tU.3H)  S.  I  PEI  n  .  I».  I  nW  .  '’‘“t":; 

X  6H  SPLMI.12.1H>.  12. 3H)  S.1PE10.4  >  L76M6910 

31000  SKlDO.NE.il  GO  YO  63  176M6420 

WHITE<6.970S)  L76M6430 

9705  FQRMAT(1hO>9S  HTHE  FOLLOWING  ANSWERS  ARE  OBTAINED  BY  USfNn  TRAPANI.  7NMA.|*0 

XlOAL  INTEGRATION  AL'N6  the  BLAOE  AND  AZIMUTH  I  L76M6450 

WH1TE<6>96)  N'NFlELO*  P.MiNFIELO* VTRAP  L76M6960 

UTRAP" *  1 ./I . « 192 1356 ) »SORT<  UTRAP*»2+VTRAP**2 1  L76M6470 

VTRAp=20 . ♦ AL061 0 ( UTRAP/ 2 • 9E-  09 »  L76M648Q 

»HITE<6,97>  M.NFIELO. UTRAP. M.NFlELD.vTRAP  L76M6490 

hRITE<6. 100041  L76M6500 

10009  FORMAT! 1H0*  I7h  SIMPSON.  SIMPSON  >  L76M6510 

NRITe<6>96)  M.NFIEL0«USIMP.M.NFIEL0>VSIMP  L76M6520 

USIMPS  » l./l.m421356l*S0RT(USIMP»*2+VSlMP*«2»  L76M6530 

VS1MPS20 . «AL001 0 ( US 1 MP/2 .9E-09 j  L76M6S40 

WRITE<6*97>  M.NFl£LD*USlMP.M.NFl£LO»VSIMP  L76M6550 

WRITE<u> 10011)  L76M6560 

10011  FORMATIlHO*  6H  RINGS  >  L76M6570 

*R1TE<6.96>  M.NFIELD.URING.M.NFIELO.vRING  L76M6580 

URING= (l./l. 4 1921356) ‘SORT (URING««29VRING»*2)  L76M6590 

VRING=20.«ALOG10<UR1N6/2.9E-09)  L76M6600 

WRITE<6.97)  M » NF lELO >  UR ING. M. NF IELD  >  VRING  L76M66.10 

83  CONTINUE  L76M6620 

00  115  IzUNFT  L76M6630 

WRITE  (6.116)  I. <XU(J>1> »J=1.MLIMRN)  L76H6640 

116  FORMAT COUTRAP  VALUES  FOR  FIELO  POINT' I3/< 1P10E13.6) )  L76M6650 

WHITE  16.117)  I»<XV(J.1).J=1»MLIMRN>  L76M6660 

117  FORMAT! 'OVTRAP  VALUES  FOR  FIELD  POINT' 13/1 1P10E13.6) )  L76M6670 

115  CONTINUE  L76H66B0 

DO  96  I=1.MLIMRN  L76M6690 

CoSARGl 1. I)=l»  L76M6700 

96  SINARGti,I)=Q.  L76M6710 

Df=TOTIME/<NTIM£-l)  L76M6720 

FACSBLA0ES*0MEG»P1/30 .*0T  L76M6730 

FAC2S0.  L76M6740 

DO  100  I=2.NTIM£  L76M6750 

FAC2rFAC2+FAC  L76M6760 

CO  100  JS1.MLIMRN  L76M6770 

ARGSFAC2»U  L76M6760 

COSARGl l.J)=COS(ARG)  L76M6790 

100  5INARG(I,J>=SINtARG)  L76M6600 

DO  101  1=1. NFf  L76M6610 

DO  102  JS1.NTIME  L76M6620 

SUM=o.  L76M6830 

DO  103  Ksl.MLIMRN  L76M6840 

103  SUM=SUMTXU(K.1I*C0SARG<J.K)FXV(K.1)*SINAHG(J»K)  L76M685C 

102  P( J)=SUM  L76M6660 

101  WRITE  <6.109>  I.<PIJ).J=1.NTIME>  L76M6670 

109  FORMAT (//'OPRESSURES  At  FIELD  POINT' 19// ( 1P10E13.6) )  L76M6680 

c  •••  THE  FOLLOWING  SUBR,  PRINTS  OUT  SOUNO  PRESSURE  LEVELS  FOR  ALL  L76M6B90 

C  CALCULATED  HARMONICS.  L76M6900 

CALL  OUTSPL  L76H6910 

IF! IOO. NC. 1 )  GO  TO  105  L76M6920 

CALL  CLOCK  L76M6930 

IDS  IF(TCOP'.NE.'DRUK')  GO  TO  7  L76M6990 

£ND  L76H6950 

Bl  FOR  BL,OOAT 

BLOCK  DATA  L76B0010 

COMMON  /8K1/  1DD.BP'AA.XA<5.S).DPSI.RR<5).0MEG.CC.NBLA0E.HLIMRN.  L76B0020 

*  MLIMbp.XFP<2O>.YFP(20).ZFP(20).GAMA.HO.BLAOEL.B0.61C.BlS.PUNOH.  L76D0030 

*  LSP AN . FROC  <  30  > . TCOP . SLOPE  < 1 0 • 5  > . OFFSET ( 1 0  >  SI « RUM I T  <  5 1 . IBURST .  L76B0  Q9  0 

*  IRS<5) . I  TRACK (5) • FI (5.5) #NCHAN<5.5) >E3860P>NFT* ANG>KEY1>KEY2>  L76B0050 

*  KEY3.NHH.CAPRF (20) . THETAF<20* » ALFAF120) . OPRONO.NCHl 5) . INTERM.  L76B0060 

*  IREEL'NC.NTBOXIS.IO) .NSTATC15. 10) *NSTATR<5i 10) . ZSCTI5) • IREELS.  L76B0070 

*  N0CH(5).LAZl  L76B0080 


End  of  E676,  Start  of  BLQDAT 
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:  "“w*  sx  u  ;  r  «*■*».  »« 

:«e«** 

cSiisKa="®s==.... 

*  V*LENCE 

*  IOMARIMSSiS.bSi  ?*,AN)* 

C  IF  ,l|s???«8?%<  that  Stat,0  C0UNT™°  ««.  the 

« -  m°s,iul „  ZT1T  ”",M  cmto  -  «•  <«« ...... 

. 

1  " 

SllOiiilK,. 

01  FOR  INPUTA 

C  THI5S«M??^T,N£  INPDTA 

8®HR5gf0»e«o1«NpUT 

;&§ipli!ffiii» 

:JB^^s?s^»!SW*sSS8: 

•  SPARI20),  SP£Mt10.20).A2HTH3<a«ai, 

«EAD(5.1I  (^(D^-Jf^^^^F'IES.OPRpNo 


L/OOUirey  uu, 

L  7bB01 Oo  007 
L76B01J0 
E760Ot2n 
L76B01 3q 

L  7  ftllA  >im 


0072 

0072 

0073 


w.odui jo  007 

L76B014Q  oo? 
176 Hn.1*0  D07; 

rZf5®**o  oof1 
|L7^S417°  007i 

076Boiao  0071 

t™?”°  S3 

L^fSS200  0073 
L760O21O  007x 
L760O22O  007 v 

L7a«023°  007<»< 

w6B0240  007b  j 

(-iaao25o  007. - 
E76B0260  00741 
j.7680270  0074  = 

L76BO20O  00745 

L76B02VO  00746 

L 760ni*  4  0071,7 

KffijjO  00746 

£“S  jk; 

t 7680350  00752 

L76H037rt  O07« 

L760o3flo  !K. 

L760O39o 
L76B0400 
L760O41O 
L 7600420 
•-7680430 
C7680440 
L7680430 
L7680460 

L 76 loo 10 

L76I0030  007 

«W  sa 

1-7010060  007' 
J.7610070  007; 

L7mS°S0  0071 
1-7610090  0077 

L7&irti 0077 
1.7610110  0077 

L7610120  0077 
L76I0130  0077 
L76I0140  00771 
1-7610130  0077* 
f7JI°l0O  007 

47610170  - 

1-7610160 
1-7610190 

L 7*i  moA* 


VV  ■  „ 

0073 

0075 

0075 

0075 

0075 

00761 

00761 

0076* 

0076: 

00764 

00765 

00766 


0078 

0078 

0078 


-.oiwi^O  oo; 

Kill!!  8! 
SBS!  8? 

I76l09bn  aa9 


"•  6,1  °f  Start  of  OTTO* 


r-i  ?iv**o 
E 7610240 
E7610250 
L761O260 
L76I0270 


007( 

0078 

007? 

0079 
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1  FORMAT 1  13A6.A2  • 

«RITE(6.2>  (MHU).I  =  i»ih) 

2  F0RMATUH1,25X,13A6,A2> 


LT610280 

L761Q290 

L761Q300 


REA0<5.3>  BB.AA»BLAOEL.OAMA.RO,CC»OMEG.DPSI,NBLADE»ML1MDP,MLIMRN.  L76I0310 


*  LSPAN,  IREELS.  TCOP, PUNCH, INTeRM.  IDO 


L76I0320 


READ  <3.151  RR.XA  L7610340 

15  FORMAT(SFiO.O)  L7610350 

READ  <5. 1S>  TOT1ME, THETA  L7610360 

IFlTQOP.NE.TAPE)  flO  TO  ‘l3  L76I0370 

DO  100  1S1.5  L 7610380 

□0  100  JJS1.10  L76I0390 

NSTATCII.UJ)  s  100  L76I0400 

100  NSTATRU.JJ)  s  100  L7610410 

00  16  JJ51 > IREELS  L76I0420 

READ <5. 4 )  IREEL, ITRACk! iREeLI . 1SeT< IHEeL) ,KUNIT< IReED  L76 10*30 

WRITEI6.7T)  L7610440 

X  I  REEL-  >  I  TRACK  <  IREEL) ,  ISET  ( I  REEL}  iKUNIT  <  IREEL)  L76I04S0 

77  FORMAT!  5113>  L7610460 

4  F0RMAT<H(2<lX(I2t#6X(l2)  L76I0470 

NOCHI IREEL} 5  0  L76I0480 

6  REA0!’5,S)  NC.NIBDXI  IREEL, NC>  .N5TATC!  IREEL.NC)  .NSTATR!  IREEL.IIf)  .  L76I0490 

♦  SQOPEINC,  IREEL)  (OFFSET  <  NC  ( IREEL)  (NCEND  L76I0500 

5  F0RMAT(2X(I2(lX(Al(2<lX(Il>>lX(E13ti(3X(E13.1.39X(Il>  L76I0510 

NOCHI IREEL)  =  NOCHI IREEL) *1  L76 10520 

K^NOCHI IREEL)  L76I0530 

ICHANUK(JJ)  :  NC  L76I0540 

IF'iNCENd.EO.O)  GO  TO  6  L76I0550 

16  CONTINUE  L76I0560 

REA015.7)  (FROC< J» ( J=1.30)  L7610570 

7  FORMAT I6E13 • 1.2X)  L76I0S80 

45  READIS(8)  E3860P.OPRONO.NFT  L76l059o 

8  FORMAT (1X(2 1 1X.AD.2X.12)  L76I0600 

IFIE386oP.NE.TES*G0  TO  9  L7610610 

RE*OI5.10)  ANG.NHH(KEY1'KE*2(KEY3  L76I0620 

10  FORMAT!  E7.0(4<2X.I2) )  L76I06S0 

9  DO  11  1=1. NFT  L76I0640 

IF<E3860P.NE.YES>G0  TO  12  L76I0650 

ReADIS. 13)  CAPRFlI) ,THET*F< I) ( ALF*F< I>  »XFPI I) (YFP< I > (3FPll>  L 7610660 

13  FORMAT  I  3E10-1.20X.3E10.U  L76I0670 

GO  TO  11  L7610680 

12  READI5.14)  XFP! I ) . YFPl I ) .ZFP ( I )  L7610690 

14  FORMAT!  50X.3E10.1)  L76I07O0 

11  CONTINUE  L 7610710 

C  NOW  THE  INPUT  IS  PRINTED  OUT.  L76I0720 

WR ITE <6. 20 )  BB.RO.AA.CC.BLADEL.OMEG.DPSI.GAMA  L761 

20  FORMAT!  1  HO ( 1 X .  28HBLA0E  THICKNESS  I  IN>  -  (  E10.4.  8*.  L76X0730 

1  35HZERO  TWIST  BLADE  STA.  < INI  =  .  E10.4  //  2X.  L76I0740 

2  28HBLADE  CHORD  IIN)  =  (E10.4.  BX. 35HSPEE0  OF  SOUND  L7610750 

3  I  IN/SEC)  1  (E10.4  /?  2X(28HDLAde  LENGTH  (IN>  =  L76I0760 

3  .  E10,4.8X(  L76I07Y0 

4  35HROTOR  ROT.  SPEED  (RPM)  =  (E10.4  //  4aX,35HA2IMUTH  L76I0760 

5 INCREMENT  <0E0>  =  (Elo.4  /  2X.  28HBLADE  TWIST  RATE  <DE3/L76I0790 

6IN)  =  .CIO. 4  )  L 7610800 

WRITE16.2D  NBLADE.TCOP, NLIMOP, PUNCH, MLIMRN. INTERM, LSPAN, IREELS  L76I0B10 

21  FORMAT (.0  NUMBER  OF  BLA0ES'32X(=  (I2,i4X'TAPE  /  CARD  /  ORUM  OPTIOL76IOB2D 

*N'7X'5  'A4//2X  49HN0.  OF  HARMONICS  TO  REPRESENT  PREL76I0830 

2SSURE  CYCLES  =  (  I3(  14X,  35HPRESSURE  HARMONIC  PUNCH  OPTION  SL76I0840 

3  ,  Ai  //  2X,  28HN0,  OF  ROTOR  NOISE  HARMONICS,  2oX,2Hi  ,  12,  14X,  L76lo85fl 

4  26H1NTERME0IATE  OUTPUT  OPTION.  7X.  2H=  .  Al  //  2X.  33HN0.  OF  INTEL76I0860 

5RP0LATED  SPAN  STATIONS.  15X.  2H=  •  12  //  2X>  23HT0TAL  NO.  OF  TAPE  L7610870 
6REELS*  25X.2HS  ,  12  /  )  L76I0880 

WRITE  In. 17)  THETA, TOTIME  L76I0890 

17  FORMAT! .0C0MB1NED  ROTOR  SHAFT  INCLINATION  AND  FUSELAGE  PITCH  ATTITL76I0900 

*UOE  =  'E10.4* '  DEGREES'/'OTOTaL  TIME  FOR  ACOUSTIC  PRESSURE  COMPUTL76I0910 

Nations  is  •eio.4,'  seconds’)  L7610920 


00792 

00793 

00794 

00793 

00796 

WV  *  w  . 

00798 

00799 

00800 

00801 

00802 

00803 

00804 

00805 

00806 

00807 

00808 

00809 

00810 

00811 

00812 

00813 

00814 

00815 

00816 

00817 

00818 

00819 

00820 

00821 

00822 

00823 

00824 

00825 

00826 

00827 

00828 

00829 

00830 

00831 

00032 

00833 

00834 

00835 

00336 

00837 

00838 

00839 

00840 

00841 

00842 

00843 

00844 

00845 

00646 

00847 

00848 

00849 

00850 

00851 

00852 

00853 

00854 

00855 

00856 

00857 


c .  INPUTA  Continued 
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jr«  ICUr,Nt»1*l*t4  »<J  TO  46  LT6109J0 

DO  22  IREEL=1 • IREELS  L76I0<5<<0 

WRITE <6. 23)  I REEL# I  TRACK ( I REEL) , ISET ( I REEL) *  KUN1T) I REEL )  L76I09SO 

23  FORMAT)) HO *1X*  UHREEL  NO.  =  'll'  4XM2HTRACK  NO.  =  >  I2<  4X,  L7610960 

1  10HSET  NO,  3  »  12*  4X*  24HL0GICAL  TAPE  UNIT  NO.  s  ,  12  //  SX»  L76I0970 

2  7HCHANNEL*  24X*  SHSLOPC#  1«X»  6H0FFSET  )  17610980 

KsNOCHI  (REEL)  L7£!I0<:: 

nO  22  ITJ.K  L76.UOOO 

NC  s  ICHANL) I *  I REEL)  L76H101O 

WRITE<6,24)  HC,NTeOX(IREEL,NC),NSTATC(IR£EL,NC),NSTATR(IRcEL,NC),  L76IIOEO 


1  SL,0PE«NC'IRE£U  rOFFSET(NC'IREEL)  L76I1030 

24  FORMAT)  lOXMS'OX'Al'SX'Jl'OX'Il'tX'iPeti.W'/X'  £12,6  >  L76UQ40 

SLOPE) NC'IREEU  3  SL0PE)NC'1R£EL)/2S6.  L76I105O 

22  CONTINUE  L 7611060 

WRlT£f6.2S)  L76I10?O 

25  FORMAT)////  3X.  8HH*RM0NIC>  5X.18HFR£G.  CORR.  FACTOR'  19X'AHHARMONL76Uo80 

llCi  SX'  18HFRE0.  CORR,  FACTOR  //  )  L76I109O 

DO  26  Jsl'IS  L76I1100 

JJ  3  J+15  L76I1110 

WRITf)6»63)  J'FROCI J).JJ.FROC(JJ)  L76I1120 

63  FORMAT)  IOX'12' 13X, lPEll.4'25X, 12, 13X< JPE11.4)  L7611J30 

26  CONTINUE  L7611140 

46  WRlTE<6*27)  E3860P' OPRONO# NFT  U76I1150 

27  FORMAT)  2H0  '  62H0PTI0N  TO  USE  PROGRAM  £386  )THEORfT*:AL  CONST.  PRL76H160 

1ESSURE  PULSE)  *8X«2H=  '  Al  //  2X*  59HOPTION  TO  USl  ROTOR  NOISE  PRL?6lll7Q 

200RAM  (MEASURED  PRESSURE  PULSE)  MIX.  2Hs  <  At  //  2X»  19HN0.  OF  FL7611160 

3IELO  POINTS'  SIX*  1H=  '  12  //  )  L7611190 

1F)E3S60P,NE. YES) GO  TO  26  L76I120O 

WRITE(6i29)  ANG»NHH'KETl'KET2'KEY3  L76H210 

29  F0RMaT)2X*  43HINCR*  OF  INTEGRATION  USED  IN  £336  (DEG.)  =  >  F7.4.  L76I1220 

1  4X'  28HNO.  OF  AIR  LOAD  HARMONICS  =  M2'4X»  6HKEY13  ' I2'2X'6hKEY2*L76I:230 

2  'I2'2X*6HKEY3=  * I2///I  L76U240 

c  field  points  printed  out  next,  L76U25o 

26  IF )  E386‘0P ,  N£  »  YES  *  AND  .OPRONO ,  NE ,  YE5 )  GO  TO  60  LT6I1260 

HRITE<6>36)  L 7611270 

36  FORMAT)  25X'17he386  FIELD  POINTS'  32X»24HR0T0R  NOISE  FIELD  POINTL76I1280 

IS//  6X#2HFP'7X'  6HR  (FT)#7X,  24HTHETA  (DEG)  ALPHA  (DEG),  9X,  L76U290 

2  2HFP»  7X'  6HX  (IN)*  7X'6HY  )IN)»7X'6HZ  UN)  /  )  L76I1300 

GO  TO  31  L76U310 

60  IF)E3660P.N£. YE$)  GO  TO  30  L76I1320 

WRIT£<6,37)  L76I1330 

37  FORMAT)  25X.17HE386  FIELD  POINTS  //  6X'2HFP*  7X'  6HR  (FT)'  7X.  L76I1340 

1  24HTHETA  (OEG)  ALPHA  (DEG)  7  )  L7611350 

GO  TO  31  L7611360 

30  WRIT£I6,38>  L76I1370 

38  FORMAT)  74X'  24HR0T0R  NOISE  FIELD  POINTS  //  61X»  2HFP'  7X*  6HX  HNL76U380 


111  7X'6HY  ),IN).7X'6HZ  (IN)  / 
31  DC  32  ISliNFT 


L76U390 

L7611400 


IF ( E3360P . NE . YES  *  AND .OPRONO . NE . YES )  GO  TO  33  v  ,  ,  L76I1410 

WR ITE ( 6. 39)  I  * c APRF ) I ) >  7H£TAfI I ) «  AlfAf ) I > • I » XFP ) I > ' YFP 1 1 ) » 2FP « I >  L76 1 1 420 

39  FORMAT)  6X',I2'4X'  3<3X'E1044)  •  IqX* I2'2X'  3<3X'El0.4>  >  L76I1430 

GO  TO  32  L76I1440 

33  IF ) E3860P ,NE* YES)  GO  TO  34  L76I1450 

WRIT£)6'39)  I'CApRF)I)'TH£TAF)l) 'ALFAFID  L76I1460 

GO  TO  32  L7611470 

34  k/RITE<6'40)  I'XFP)I).YFP)I>'ZFP(I)  L76U40O 

40  FORMAT)  61X'I2'2X'  3)3X'E10.4)  )  L7611490 

32  CONTINUE  L76I150Q 

RETURN  L76I1510 

END  L76I1520 

81  FOR  RDKU 

SUBROUTINE  ROKU(N)  L76K0010 

C  ***  THIS  SUBr.  reads  The  proper  tape  (UNIT  8*9* 10*11'  OR  12)  L76R0020 

COMMON  /BK^/  1DD,BB,AA,XA(5'S)'OPSI,RR15),OMEO.CC,.NBLAOE'MLIMRN,  L76R0030 

•  ML(IMDP,XFP)20)  ,  YFP(2|0>  ,  ZFP(20) ,  GAMA. RO.  BL ADEL, BO, BlC.  BIS, PUNCH,  L76R0040 

•  LSPaN, FROC ) 3 0 >  *  TCOP > SLOPE < 1 0 ' S ) *  OFFSET  1 10 ' 5 ) *  KUNI T ) 5 > ' I BURST •  L76H0050 


d.  End  of  IKPUTA ,  Start  of  RDKU 


Figure  60.  Continued. 
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r » o  on 


*  IRS<6I.ITh*lKlb<  <F1  < S<5>  S<  5 '  <E3660P<NFT< AH0<KEY1<KEY2<  L76R0060 

«  KEY3<NHH,CAPRF| 20) <THETAF<201<ALFAF <201 <0PR0N0<NCHI51<  INTERM*  L?6R00?0 

*  lRtEL,NC<NT8DX<5<10)*NSTATC(S,  tO) , <<STATR<5< 10) .  ISET 1 5* *  IREEJ.S,  L76R0080 

»  N0CH<5)*LAZI  L76R0090 

COMMON  /8k2/  NCrCLE<CVCLES<KU*nDlV<4t#RMASK<6)*NN<435)#LIRS*  L76R0100 

*  XTRACK,KBURST*KREC<NOl< 144* 10* 51<ND2<144< 10<51<XLO<71 <XLM<7<401<  L76R01I0 

*  XMM<7<40 >< TEMPI < 7), T£MP2<7).TEMP3 <7J<PI<AZMTH2< 144J<AZMTH<144I<  L76N0120 

*  0PRA0<  AZRAOi.NOi  TESiNfiLANK. T£E,  0EE<OFE< OMARI  ITwnuiju 

-  HM*" I <2o«< 20 * ' aw*^o <  L76R0140 

DIMENSION  CN<31,5,SJ,SN<30*5#5) <AN<31<10< 5) ,HN< 10,10.51,  L76R0150 

*  GHAR<144<51<HMAH<144<5J  L76R0160 

DIMENSION  NNPS'219>  L7CR0170 

EQUIVALENCE  iNOZiS/BIXHMAR),  L76R0180 

S  < OMARI. AN) >  L76R0190 

*  <GMARI<1551)<BN), IHMARI, CNJ<<HMARI<776J<SNJ  L76R0200 

EQUIVALENCE  IFTRACK*KTRACK>*<FnURST*KBURSf> <<FREC<KREO  L76R0210 

EQUIVALENCE  <NO1<57611<0MARJ  L76R0220 

00  TO  ll<2) <N  L76R0230 

1  LI.M1  s  1  L76R0240 

LIM2  .=  219  L76R0250 

GO  TO  3  L76R0260 

2  LIM1  =  217  L76R0270 

LI.M2  =  435  L76R0280 

3  I=KU-7  L.’6R0290 

GO  TO  <4<5<6<7<GJ<I  L76R0300 

4  ReAD<8)  <I<N<  II  *  I=LIM1<11M2)  L76R0310 

GO  TO  9  L76R0320 

5  REA0{9)  <NNIZJ<I6LIM1<LIM2J  L76R0330 

00  TO  9  L76R0340 

6  REAO<  10 1  <NN<U<I-L1M1<L1M21  L76R0350 

GO  TO  9  L76R0360 

7  READIUXNN<I1<1SLIM1<LIH21  L76RQ370 

GO  TO  9  L76K0380 

8  REAn<121<NN<I)<I  =  LIMi<HM2)  L76R0390 

RE  AO  <131  (NNPS<U<I=1<2191  L76H0400 

ls-1  L76R0410 

DO  20  J=HN1<LIM2*3  L76R0420 

1=1+3  L76H0430 

20  NN<U1=NNPS< I 1  L76H0440 

9  F TRACK  =  AN0<NN<L1M2“21 <OMASK <61 1  L76R0450 

TBURST  s  AjND  <NN(LIM2“1  J  <8MASK  <611  L76R0460 

FREC  =  ANO  (NN<LIM2)  *BMASK<6JJ  L76R0470 

IFUOD.EO.I)  L76R048O 

XWR1Te<6<10>  <NN<I1<ISL1M1<LI M2)  L76R0490 

10  FORMATUhO*  19H<NN<1I<ISL1M1<L1M21  /  <2X<<10O1311  L76H0500 

RETURN  L76R0510 

END  L76R0320 

81  FOR  UNPACK 

SUBROUTINE  UNPACK  L76U0010 

*+•  THIS  SU0R.  UNPACKS  A  CYCLE  NN<435l  TO  FORM  THE  ARRAY  L76U0020 

N01<144<10<IREEL1  L76U0030 

WHERE  THE  FIRST  SUBSCRIPT  REPRESENTS  AZIMUTHi  AND  THE  SECOND  ARRAYL76U0040 
REPRESENTS  CHANNEL  NO,  L76U0Q50 

COMMON  /BK1/  IDD<QB<AA<XA< Sr 51 <0PSI<RR<51< OMEO<CC<NBLADE<MLIMRN<  L76U0060 

*  MLIMHp<XFP<20}<YFP<^0) <ZFP<201<OAMA<RO <BLADEL<B0<B1C<B1S<PUNCH<  L76U0Q70 

*  LSPAH.FROC <301 <TCOP<SLOPE< 10<51<OFFSET<10< 5) <XUNIT<51<IBURST<  L76U0080 

«  IRS< 5) < I TRACK (5) < FI (5*51 <NCHAN<5<5J  <E386OP<NFT<AN0< KEY1 <KEY2<  L76U0O9O 

*  KEY3<NHH<CAPRF< 20)  <THETAF<2<J  1<ALFAF<20J<OPRONO<HCH<5I<INTERH<  L76U0100 

*  1REEL <NC<NTB0X<5<101 <NSTATC<5< 101<MSTATR<5<10J <ISET<51<IREELS<  L76U0110 

»  NOCMSHLAZl  L76U0120 

COMMON  /0K2/  NCYCLE<CYCLES<KU<N0IV<41<BMASK<6J<NN<4351<LIRS<  L76U0130 

*  KTPACK<KBURST<KREC<ND1 <144 *10 <51 <ND2<149<10<51<XLO<71<XLM<7<40I<  L76U0140 

*  XMM<7<401< TEMPI <71 <TEMPD<71< TEMP3<71<P1< AZMTM2<1441<AZHTH<144I<  L76U015O 

*  DPR AD < AZRAD <N0<VES<N8LANK<  TEE  < DEC < DEE < OMAR I<288<201<  L76U0160 

*  RMAR1<288<201<XO<201  L76U0170 

EQUIVALENCE  <N02<57611<HMAR1<  L76U0180 


v-  lunruu 

L76R0140 

L76R0150 

L76R0160 

L7CR0170 

L76R0180 

L76R0190 

L76R0200 

L76R021Q 

L76R0220 

L76R0230 

L76R0240 

L76R0250 

L76R0260 

L76R0270 

L76R0280 

L36R0290 

L76R0300 

L76R0310 

L76R0320 

L76R0330 

L76R0340 

L76R0350 

L76R0360 

L76RQ370 

L76K0380 

L7GR0390 

L76H0400 

L76R0410 

L76R0420 

L76R0430 

L76R0440 

L76R0450 

L76R0460 

L76R0470 

L76R048O 

L76R0490 

L76H0500 

L76H0510 

L76R0520 

L76U0010 

L76U0020 

L76U0030 


L76U0080 

L76U0090 

L76U0100 

L76U0110 

L76U0120 

L76U0130 


e.  End  of  BDKU,  Start  of  UMPACK 


Figure  60.  Continued. 
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*  tGNARJ.«N>> 

*  <GMAR1U5S1)(BN) , (HMARI*CN) , (HMAP1 (776) , SN) 

DIMENSION  CN(31*5.5>,SN(30>5(5),AN(3l,10,5).BNtJO,)0,5), 

*  GMAR(144,5)*HMAR(144.5) 

EQUIVALENCE  <  NO  1  ( 5761 > > ONAR ) 

DATA  SIN/O  400  000  000  000/ 

EQUIVALENCE  (V2*IV2J 
*Rlfet6.6>  NN 

Nw  s  o 

c  ***  azimuth  point  loop 

DO  1  1=1(144 

,N«T  ='  0 

C  WORDS  IN  A  FRAME  LOOP 
DO  1  JSlrJ 
NN  =  NW*1 
NIO  *  5 

C  •**  OAT*  WORDS  TO  UNPACK  LOOP 
DO  1  KS1.4 
N10  =  N10-1 

iF<J.E0.3,ANO.K.GT,2)  00  TO  1 
NCT  S  NCT*1 
Nl  =  NN(NU> 

IF(K.tG.l)  00  TO  2 
N1  =  N1*N0IV<N10> 

2  N1  =  Nl/NDIVU >' 

IV2SN1 

V2SANDI V2t$IN) 

IV2=IV2/2 

IF(1V2.NE.0>  N1=N1-1 
NOi 1 1 » NCT»  IREEl  I  =  N1 
1  CONTINUE 

IF UOO.NE *1. RNO .NCYCLE.OT.O )  RETURN 
WRITE**, 5>  IREEL  *  (Npi  ( 1,K*  IREEL ) *  K=i* 10) 

5  FORMAT ( lHO,  6HIREeL=, 13* 10X* 

X  lfl^NDl (144(10* IREEL )  /2X(lftI13) 

RgTURN 

SI  FOR  HEROES 

SUBROUTINE  MERGES 

C  THIS  $UUR,  PRODUCES  DIFFERENTIAL  PRESSURES  FROM  ABSOLUTE  TOP  AND 
C  BOTTOM  READINGS. 

COMMON  /BKl/  IDO  *  BB  »  A  A  ».XA  1 5 . 5  >  •  OPS  I  *  RR  ( 5>  ( OMEG  t  CC  ( NBL  ADE(  ML  I MRN* 

*  MyiMSP'2FP<20>(YFP(M>#2FP<20)(OAMA(ROfBLADrL.BO(BlC*BIS*PUNCH( 

*  LSP*N t  FROC ( 3  0 ) ( TC0P;SLOP£ ( 1 tf#  5 1  *  OFFSE  T ( 1 0 ■ OF  *  KUM I T  <  5 ) , I BURST* 

*  IRSl5).ITRACK<S).FI|5,5)<NCHAM(5»5)*E3860P.NFTrANG*KEYl*KEY2. 

*  KEY3  *  NHH*  CAPRF ( 20)  *  THETAF  (  20 > # ALFAF ( 20  > . OPRONO#  NCH 1 5>  *  INTERN* 

*  .IREEL*  NC,NTBQX(5, 1 0 1 (NSTATC(5, 10)*NSYATR( 5* 10) « I5C7 (5) * IREELS* 

*  N0CH(5)#LAZI 

COMMON  /NEW/  F0*F1C.F1S 

COMMON  /BK2/  NCYCLEiCYCLES*KU*NDIV(4i*BMASK«6>*NNl435>,LIRS* 

*  KTRAC«*KBURST»KReC*NOlU44,I0*S>.NO2(144#10.5J*XL0<7).XLM(7*4OI* 

*  )(MM(7*40)»TEMPl(7),TEMP2<7J.TeMP3(?)*P,I*AzMTH2(144>*AzMTHIl44I. 

*  DPRAD*  AZR  AD  *,N0 .  YES  *  NBL  ANK » TEE .  BEE  t  DEE « OM  ARU28S .  20 )  * 

*  MMAR1<2«B*20)(XO(20) 

DIMENSION  CN(JK5*B>*SN(3o.5,5),AN(3l*lO*5)*BNtJ0*10*5)* 

*  DMAR<144,5)*HHARU44*51 
EDUIVAI.CNCE  1N02(5761>*HHAR), 

*  <ohami*an>* 

»  (OMARI U55J>. BN) ( (NMAMI*CN),IHMARII776)*SN» 

EQUIVALENCE  (ND1 (5761 ), OMAR) 

INTEGER  DEE* BEE 
DO  1  1=1(5 
DO  1  J=1 (S 
CN(ld( J>  =  0(0 
DO  1  Ksl ,30 


L/6U01V0 

L76U0200 

L76U0210 

L76U0220 

L76U0230 

L76U0240 

l*oU0250 

L76U0260 

L7&U0270 

176U0280 

L76U0290 

L76U0300 

L76U0310 

L7SU0320 

L76U0330 

L76U0340 

L7&U0350 

L76U0360 

L76U0370 

L76U0380 

L76U0390 

L76U0400 

L7&U0410 

L76U0420 

L76U0430 

L78U0440 

L76U0450 

L7&U0460 

L76U0470 

L76U0400 

L76U0490 

L76U0500 

L76U0510 

L76U0520 

L76U0530 

L76U0540 

L70U0550 

L76U0SG0 

L76G001O 

L76G0020 

L76G0030 

L76G0040 

L76G0050 

L76GQ060 

L76GO07O 

L70G0080 

L76000$0 

L76G0100 

L76G0110 

L76G0120 

L7600130 

L76G0140 

L76G0150 

L76G0160 

L76Goi>0 

L76G0180 

L76G0190 

L7GG0200 

L76G0210 

L76G0220 

L76G0230 

L7600240 

L76G0250 

L7660260 

L76G0270 


End  of  UNPACK,  Start  of  MERGES 


Figure  60,  Continued. 
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CNlL.l.l.J)  -  0.0 

I  SN(KiI.J)  =  0.0 
c  ***  5PAN  LOOP 

ISWTCHSO 
□0  2  Is  1.5 
C  ••*  CHORD  LOOP 
DO  2  0-1.5 
JSW  s  0 

T&rFi  “  a 
3  IREEL  =  IRFEL+1 

IF  I IRECL  .CT.  5)  00  TO  2 
NO  -  0 
it  wf  s  wr.> 

WRITE^loi  *  PJ.Nc., IREEL,  NSTATR<  IREEL.NC  )>NSTATCI  IREEL.NC). 

X  NTBDXI IREEL.NC) 

20  FORMAT!  6I13.5X.A6) 

25  1FINC.GT.10I  00  TO  3  „ 

IF(NSTATfi(5.2l  .£0.0  .AND.  IREEL.E0.5  .AI10.  NC.EQ.2)  GO  TO  5 

IF I NSTATR < 5 . 3 ) *F0 • 0  .ANO.  IREEL.E0.5  .AND.  NC.EO.D  GO  TO  55 

15  IFINSTATHI IREEL.NC) .N£. I >  00  TO  4 
IF ( NSTATCI IREEL, NC ) ,NE.J>  GO  TO  4 
IF ( NTBDXI IREEL.NC) .LG. CEE)  00  TO  6 
IF » NT80XI IREEL.NC I. £0. BEE)  GO  TO  7 
IRTOP  =  IREEL 
NCTOP  F  NC 
IS*'  s  ISW+1 
GO  TO  8 

7  IRBOT  =  IREEL 
NCBOT  a  HC 
ISW  =  ISW+l 

B  IFIISW.NE.2)  GO  TO  4  _  . 

CNd.J.p  -  AN(1. NCBOT.  IRBOT)  -  ANd.HCTOP. IRTOP) 

CNIkSx^J i»0=  ANIK*1. NCBOT, IRBOT) -ANIK+l, NCTOP, IRTOP) 

10  SNIK.J.I)  =  BN|K, NCBOT.  IRB0T)-QN<K,. NCTOP,  IRTOP) 

c  collective,  longitudinal  cyclic*  and  lateral  ctclic  pitch  angles 

C  FOUND  NEXT. 

5  CONTINUE 

BO  =  ANd.2.5) 

B1C  s  AN12.2.5) 

JFS  TiDD^.Eo'^1)  N(UTE<6,2l)  B0.B1C.B1S. IREEL.NC. I.J 

GO  TO  4 
55  CONTINUE 

FO  =  ANd.3.5) 

F1C  =  AMI  .3.5) 

IFS  7iDd  !eo'51)  WRITE  18.21 )  F0.FIC.P1S. IREEL.NC. I »J 

21  FORMAT' •  * . 7G13.6) 

0  TO  4 

6  cNd.U.I)  =  AM d.NC* IREEL) 

DO  11  K=1.30 

CN { K+i , J# 1 )  s  AN (K+i.NC. IREEL) 

II  SN(Kid.I)  =  GN1K.NC. IREEL) 

2  CONTINUE 

RETURN 

ENO 

0]  FOR  DFSRIE 

SUBROUTINE  OFSRIE<NP.NH,T.A*B) 

DIMENSION  YtNP).Ad).B(l) 

C  - - - - - - - - 

r  NUMBER  OF  HARMONICS  MUST  NOT  EXCEED  HALF 

c  The  number  of  cata  points  imputed. 


WRITE  16.21)  F0.FIC.F1S. IREEL.NC. I.J 


LT5G028O 

LT6G0290 

L76G0300 

L76G0310 

L76G0320 

L76G0330 

L76G0340 

L76G035O 

L76G036O 

L76G0370 

L76G03B0 

L760039B 

L76G0400 

L76G0410 

L76G042O 

L7600430 

L76G0440 

L7600450 

L76G0460 

L75G047O 

L76G0480 

L76G0490 

L 7660500 

L76G0510 

L7600520 

L76G0530 

L76G0540 

L 7660550 

L7660560 

*.7600570 

L7660580 

L76G0S90 

L76G0600 

L76G06I0 

L76S0620 

L76G0630 

L76G0640 

L76S0650 

L76G0660 

L76G0670 

L76G068O 

L76G0690 

L76G0700 

L76G07I0 

L76G0720 

L76G 

L76G0730 

L76G0740 

L76G0750 

L76G0760 

L76G0770 

L7660780 

L76G0790 

L76G0600 

L76G0810 

L76G0820 

L76G0830 

L76G0840 

L76G0850 

L7600010 
L76D0020 
-L76OO030 
L76D0040 
L76D0050 
— L76D0060 


01056 

01057 

01056 

01059 

01060 

01061 

01062 

01063 

01064 

01065 

01066 

01067 

01066 

01069 

01070 

01071 

01072 

01073 

01U74 

0107 

0107c 

01077 

010/6 

01079 

01080 

010B1 

01062 

01063 

01084 

01085 

01086 

01087 

01086 

01089 

01090 

01091 

01092 

01093 

01094 

01095 

01096 

01097 

01098 

01099 

01100 

D11G1 

01102 

0UO3 

U1104 

01105 

01106 

01107 

01106 

01109 

oi  do 
0111  z 
01112 
01113 
01114 
01115 
01116 
01117 

omi 

01119 

01120 

01121 


End  of  MERGES,  Start  of  DFSRIE 


Figure  60.  Continued. 
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NNHSR1N0 INH.  NP/2 I  L76DOO70  01127 

- - - - - - r — - - - - — - - - L76DOQOO  01123 

INITIALIZATION  AND  CONSTANTS,  L76D0090  0112* 

- - - - - - - - - — - - -L7600 100  0  U2S 

SMSO.  L760Q110  01126 

CPS] ,  L76DnlAfi  ft* *27 

RNS2./NP  L76D0130  01126 

n'iiisu.  L7600140  01129 

Adl-o,  L76D0150  01130 

AR0sRN*  3 , l * 1 59265  '  l76Do16«?  01131 

CSCOSURO)  L76D0170  01132 

SSSINUR6)  L76D0160  01133 

C~— - - - - — - - - - - - - - - — L7600190  0113* 

C  COMPOTE  A  POP  THE  ZEROTH  HARMONIC  L7600200  01135 

C - - ----- - ........ - ........ - - - L7600210  01136 

00101*1. NP  L76D0220  01137 

10  A(l>sA<l)*YU)  L7600230  01136 

A(1>SRN*A(1>  /2,  L7600290  01139 

C- - - ........ - ...... - ..... - ..... - L76O0250  011*0 

C  MAIN  LOOP,  L76D0260  011*1 

- - — - - - - - -  011*2 

00  100  KS1,NNH  L76D0260  011*3 

XSC*CP-S*SP  L7600290  Oil** 

SP=C*SP+S*CP  L76D03O0  011*5 

CPSX  L76D03.10  011*6 

U*0.  L7600320  011*7 

V*0.  L76D0330  011*8 

C  COMPUTE  RECURSIVE  U»S  L76003*0  011*9 

0020IIS2.NP  L76D0350  01150 

JsNP-H+2  L76D0360  01151 

xNT(j1*2.«CP*V-U  LT60037q  01152 

U=V  L76D0380  01153 

20  VSM  L76D0390  0115* 

AlK71>SRN*ty«l>+CP*V-U>  L7600400  01155 

100  B(K*1>-RN*SP*V  L76O041D  01156 

RETURN  L76D0*20  01157 

END  L76D0430  01156 

QI  FOR  CUE  01159 

SUBROUTINE  CUElN,FM,MPIELO)  L76C0010  01160 

COMMON  /BKV  IDd>B6,AA,XA<5,S),OPSI,RR15><0MEG,CC.NBLADe,MLIMRN,  L76C0020  01161 

*  HLIMdP, XFP(2o),yPP<20)»ZFP<20>,BAMA,Ro.BLADEL, Bo. BlC,BlS, PUNCH,  L76CO03O  01162 

<*  LSPRN»FROC<3O).TC0P»SL0PE<l«.S|.OFFSET(lO.5)»KUNIT<5>»IBURST»  L76CO0*O  01163 

*  IRS<31,ITRACK!5>.FI<5.S>»NCHAMS.5l,E386OPiNFT.AN0.KEYl»!<EY2.  L76CO05O  0116* 

*  KEYS. NHH,CAPRF<2o),THETAF<2ol,ALFAF(20).OPRONO,NCH<5>. INTERM.  L76CO06O  01165 

*  IREEL.NC.NTBDX(5,10».NSTATC«5,10),NSTATR(5.10)»ISETI5).IREELS.  L76C0070  01166 

*  NOCH<51.l'AZI  L76C0080  01167 

COMMON  /Bk2/  NCyCLE.CYCleS.KU»nDIV«*>.BmASKI61*NN«*35>*LIRS»  L76C0090  01168 

*  KTRACK.KBURST.KREC.NDi (1*4,10.5) ,ND2 tl**,10.5)i XLo)7) ,XLMI7,*0> f  L76CO100  01169 

*  XMM(7»*0>»TEHPl(7},TEMP217)»TEHP3«7)#PI.AZMTH2<l**>.AZMTHd**).  L76C0110  01170 

*  OPRAD.AZRAO.NO . YES , NBLANK .TEE. BEE • DEE » OMARI ( 266 ,20l.  L76C0120  01171 

*  HMARI  1286.20)  »X0t20l  L76C0130  0UT2 

COMMON  /BK3/  SPLM(i0,20).AZMTH3(26a),  L76C0140  01173 

*  SPAN'20).  PMRM5) 10.20) »  L76C01SO  0117* 

*  ICHANLtlO*5>»COSINE*288)fSINE«286>,BlAOES*CARD,TAPE  L76C0160  01175 

EQUIVALENCE  |ND2(5761> iHMAR),  L76C0170  01176 

S  (OMARI. AN).  L76C0180  01177 

*  «GMARI<1551).BN>.1HHARI.CN)»<HMARII776),SN)»<ND2»92)  L76C0190  01176 

DIMENSION  CN< 31 .5* S). SN< 30.3.5) . AN(31 . 10.5) (BN( 30» 10»5) .  L76C0200  01179 

*  GMAR( 1**,5) »HMAR(l**,5)  L76C0210  01160 

*  .01(268,20) .02(286,20)  L76CO210  01161 

EOUIVALENCE  (N01 *5761 > .OMAR) . tMDl .01 >  L76C0230  01162 

COMMON  /NEM/  FO.F1C.F1S.TOTIME, THETA  L76C0240  01183 

GAMMAlJj  =  (Fo  ♦  F1C*C0SINE(J>  +  FlS*SINE<J)>  *  T5  L76C0250  0118* 

TlsPI/30*  L76C0260  01165 

T5SPI/189,  L .600270  01186 

THETAR=THETA*T5  176C0280  01187 


h.  End  of  DFSRIE,  Suart  of  CUE 


Figure  60.  Continued. 
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n  r> 


C  •  «  SPAN  LOOP 

If  lino. ME, 1)  00  TO  7 
<RIT£<b*3)  XFP 

MpItE  <6.  3)  ZFP 
*RITE<6.3)  SPAN 
*RIT£<6*3>  COSINE 
*R)T£<«>*S»  S<NF 
XHlTEIb.3)  AZMTH3 

4RITE<6*3)  OMEG.CC*OAMA*RO*BO> 01C* BIS* FM* BLADES. T1*T5 
3  FORMAT!  1HO*^2X*1P10E13.5>> 

7  DO  1  Ut.LSFAN 
C  AZIMUTH  LOOP 
DC  1  J=1iLAZI 


L76C0290 

L76C0300 

L76C0310 

LV6C03Z0 

• tATAIlA 

L76C0340 

L76C0330 

L76C0360 

L76C0370 

L76C0360 

L7EC0390 

L76C0400 

L76C0410 

L76C0420 


S  S  S0RT<!XFP<MF1E<.01-SPAN!1XC0SIN£<J>X<2  ♦  <YFP<MF <ELO>-SPAN<  I IL76C0430 
X  mSlNE!J)X<2  ♦  ZFPIMFIEL0X»2)  L76C0440 

B  ;<B0  -  GAMA<<SPAN<I >-R0)  <  BlC*COS!NE<J>  <  B1S<S1NZ<  J)  )*T5  L76C04S0 

SINB  =  SINIB)  L76C0460 

COSB  =  COS<B>  L76C0470 

TO  =  FM<BLAO£S< < AZMTH3 <  JX  <  S*0M£G*T1 )/CC )  L76CC480 

T2  =  C0SIT4)  L76C0H90 

T3  =  SIN(TA)  L76COSOO 

TOP  |FM<BLAOES<OHEO/!CC<5m2 l  XTt  L76C05I0 

IF(N.E0,3>  00  TO  2  L76C0320 

01(0*1)  s  SPAN!!)  L76C0330 

t  •  (  (XFP(MFIELD)  -  SPAN<IXCOSINE<Jl)  L76C0300 

S  *  (  (S1NB*S;nE<J>  -  COSB*SIN(OAMMA(J))*COSINE(J))  L76C0550 

8  •  COS(THETAR)  L76C0560 

%  <  COSB<COS<GAMMA<  J>XSIMTKETAR>  )  L76C0S70 

*  -  (TFP(MFIELO)  -  SPAN<lXSINE<Jl>  L76C0580 

t  »  <SINB<C0S1NE< J)  L76C0500 

*  ♦  C0SB*SIN<GAMMA(J))<S1NE<J  ))  L76C0600 

*  ♦  ZFP(MFIELD)  <  C  C0SB<C0S<0AMMA<  J)XCOS<TMETaR)  176C0610 

*  ♦  <  C0SP<SIN<0AMMA< J) )<C0SINE< J)  L76C0620 

*  -  S1NB<SINE<JJXS*N»THETAR)  )  >  L76C0630 

Q2<J*I)  =  01<J.1)<<6MARI<J,1)<<-T2/S«3  -  T4<T3)  ♦  L76C0640 

X  HMARKJ*  IX<T3ZS<<3  -  T4<T2>>  L76C065C 

IFIloO.NE.l)  00  TO  1  L76C0660 

IFU.GT.2)  SO  TO  1  L76C0670 

IF(J.OT.20)  00  TO  1  L76COCBO 

XRIT£<6.4)  I.J.MF1EL0  L76C0CJ0 

4  FORMAT  <  1  HO  *61131  L76C0700 

XRITE<6>3)  S*6»SINB*COS0*T2*T3*T4*GMARI<  J*  IXHMARMU*  a)  *  L76C0710 

X  81<J.n*Q2<J*I)  L70C0720 

60  TO  1  L76C 

2  Q2<sl*I)  =  aitJ*|X<6MARI<J*lX<--3/S«3  <  T44T2)  ♦  L?bCG730 

X  HMARiK  J*  J)<  <*t2/S<«3  -  T4<T3) )  L76C0740 

1  CONTINUE  L76C0750 

RETURN  L76C0760 

ENO  L76C0770 

SI  FOR  INTERP 

SUBROUTINE  INTERP  L76P0010 

***  THIS  SUBR.  INTERPOLATES  PRESSURE  PUtSE  HARMONICS  FOR  UP  TO  20  SPANL76P0020 
STATIONS  AND  288  AZIMUTHS.  L76P0030 

COMMON  /OKI/  lDD»BB*AA*XA<5.5).DPSl.RR<5).0Me0*CC*NBLAD!!:*MHMRNi  L76P0040 

<  MLIwOp.XFPt20>*TFP<20)*ZFP<20)*OAMA.R0iBLADEL*Bq.BlC.BlS. PUNCH*  L7tP00*>0 

*  LSPAN*FR0C<  30<  *7C0P*Sl,dPE  1 ld*S> lOFFSEt! lo*3)  *KUNIT<5>  >  I  BURST*  L'OJ'dfiiin 

*  IRS 1 5) • TTRaCMS)  *F1  <S*5)  iNCHAN(5*S)  *E3860P»NFT*  ANOfKEYl*  KEY2*  V  6P0i>7c 

<  KeTi»NHH*CAl<RF<20)'»THCTAF<20)*ALFAF<20)*OPRONO*NCH<5)<INTERM*  L  '•«*90ri6 

*  IREEE»NC*NTB0X<S*  10)  *NS7ATC<8.  10)  *NSTAtR<3*  10 1  *  ISETtS)  •  1REELS*  L-'  POO'iO 

4  NOCH<S>  *LAZI  L7  -1C.' 

COMMON  /BK2/  NCYCLU. CYCLES, KU,N0IV<4> ,BMASK(6) *NN<435) ,LIRS»  L"W  l< 

<  KTRACX*MBURST*KREC*NOI<  144*»0*5) *N02<  144. 10*5) *XLO«7).XLMf7*40>*  L76" i.:t 

<  Xhh<7*40>*TEMP1<7)*TEMP2<7)*TEMP3<7)*P1*AZMTH2<144)*AZHTH»144).  L7AH)13f' 

*  WR  AO .  AZRAO  •  NO .  YES  *  NBL  ANK  *  TEE  *  BEE .  DEE  *  QM  AR I  ( 28B  *20  >  *  L7.‘,t-  :>  >  n  0 

<  HMARI<266*20) *X0<20}  L7AP0.34 


1,  End  of  CUE,  Start  of  INTERP 
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DIMENSION  CN01>3»9l»5Nr30ta*3.»4N01.1U»:>I.BNI  JVHV»3). 

*  6MAR(144.5)»MMAfl(144.S) 

EQUIVALENCE  (ND2I5761) .HMAR) > 

S  IflMABI.AIUt. 

•  ( OMAR 1 ( 1 55 1 > .  BN>  . (HMAR I • CN  > « ( HMAR I <  776 ) . SN ) 

EQUIVALENCE  IMD1 (5761) .OMAR) 

DIMENSION  Y0I20) 

T1  s  .2305 
T2  *  .7695 

C  WE  FIRST  DEFINE  the  RAOJAL  STATION  ORIO  XOI20I 
XO(l.'  £  TI 
XO(LSPAN)  =  1. 

KSLSPAN-1 

OEL=K 

DEL  s  T2/0EL 


DO  1  J=2>K 

1  XOIJ)SXO<J-1I+OeL 
KKK  s  1 
TEMPlU)  s  0. 

TEMPS 111  s  0. 

TEMP2U)  S  Tl 

C  RADIAL  STATION  LOOP  (ZERO  AZIMUTH  BEGIN) 

00  2  K=1.5 

fF<IRS(K).EQ.O)  00  TO  2 
KKK  s  KKK+1 

TEMPI  (KKK)  =  GMARU.k) 

TEMPSIKKK)  S  HMAR(ltK) 

TEMP2(KKK)  =  RR(K) 

2  CONTINUE 
NOPTSl  a  KKK*1 
TEMPI (NOPTSD  a  0. 

TEMPsCNOPTSl)  =  0. 

TEMP2( NOPTSl)  a  t. 

CALL  CURVIT  <  NOPTSl.  TF.MP2.  TEMPI.  W.LSPAN.XO»YO> 
00  J  K=1»LSPAN 

3  GMARKl.K)  =  YO(K) 

CALL  CURV I T ( NOPTS 1 , TEMP2 , TEMPS , M , LSPANi XO , TO ) 
DO  9  K=1.LSPAN 
0  HMARId.K)  s  YO(K) 

D  S  (DPSI/2.S)  +  .00001 
ISI  =  0 
JJ  =  ISI 
JAZ2  =  1 
0  =  3 
I S12-ISI 

IF(ISI.CO.O)  IS 12=1 
LOW  3  ISI2+1 
C  ***  AZIMUTH  LOOP 

DO  5  JAZ=L0N.144.IS12 
,0A22  a  JAZ2+1 
KKK=1 


DO  6  K=l»5 

IF(IRS(K),E0.0>  CO  TO  6 
KKK  a  KKK+1 

TEMPI ( KKK )  =  GMAR(JAZ.K) 

TEMPS(KKK)  =  HMAR(uAZ.K) 

6  CONTINUE 

CALL  CURVIT (N,0PTS1.TEMP2.TEMP1.  W.LSPAN.XO.YO) 
IF(lSI.GE.l)  J=JA22 
DO  7  K-l.LSPAN 

7  GMARKU.K)  a  YO(K) 

CALL  CURVIT (NOPTSl . TEMP2 • TEMPS. W.LSP AN. XO.YO) 
DO  0  KSl.LSPAN 

8  HMARI(J.K)  =  'YO(K) 


IF(OJ.NE.O)  GO  TO  5 
DO  9  KSl.LSPAN 


L/6KU1O0  01*54 

L76P0170  01255 
L76P01S0  01256 
L/OKU1«(0  01257 
L76P0200  01256 
L76P0210  01259 
L76P0220  01260 
L/6P0230  01261 
L76P0240  01262 
L76P0250  0126S 
L76P0260  0126* 
L76P0270  01265 
L76P0260  01266 
L76P0290  01267 
L76P0300  01266 
L76P0S10  01269 
L76P0S20  01270 
L76P0330  01271 
L76P0340  01272 
L76P03S0  01273 
L76P0360  01274 
L76P0370  01275 
1.76PU380  01276 
L76P0390  01277 
L76P0400  01276 
L76P0410  01279 
L76P0420  01260 
L76P0430  01261 
L76P0440  01262 
L76P04S0  01263 
L76P0460  01234 
L76P0470  01265 
L76P0460  01266 
L76P0490  01267 
L76P0500  01266 
L76P0510  01289 
L76P0S20  01290 
L76P0530  01291 
L76P0540  01292 
L76P0550  01293 
L76P0560  01294 
L76P0570  01295 
L76P0560  01296 
L76P0590  01297 
L76P06D0  01296 
L76P0610  01299 
L76P0620  01300 
L76P0630  01301 
L76P0640  01302 
L76P0650  01303 
L7SP0660  01304 
L76P0670  01305 
L76P0660  01306 
L76P0690  01307 
1.76P070O  01306 
L76P0710  01309 
L76P07.10  01310 
L76P  01311 
L76P0730  01312 
L76P0740  01313 
L76P0750  01314 
L76P0760  01315 
LT6P0770  01316 
L76P0780  01317 
L76P0790  01316 
L76P0600  01319 


I 


J .  INTERP  Continued 
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<-><■><■><*>  nr> 


«M*KI'd-l.KI  X  'eHARI<d.KI'*GMftR|«d-2.K>l/Z. 

9  HMARIfU-l.X)  S  <HMAR|(J.K>lHMARl(J-2.K>>/2, 
J=J+2 

«  roWTlNtjr 

tF(dd.NE.C)  RETURN 
,d=d-2 

00  10  K=l.LSPAN 

AMAR1 (d+i.K)  =  (OMARldiK)  *  OMARI  Id  .K))/J. 
10  HMAR 1 t  dll *K >  x  (HMARIU.K)  +  HNARltd  iKJJ/*, 


RETURN 

end 


BI  FOR  CURVIT 

SUBROUTINE  CURVIT  (MM.  X9.  T9.  Ml  N>  XO.  TO)  L76V0010 

L76V&020 
U76V00J0 

PRESENTLY  N  IS  NOT  USED  IN  THIS  ROUTINE'  HOMEVER.  IT  SHOULD  BE  L76V0040 
DIMENSIONED  IN  THE  C ALLANS  PROaRAM.  176V00S0 

L76VQQ60 

*  M  MILL  BE  USED  LAtER  FOR  A  MORK  VECTOR.  —  COEF'S  01 MENS TON  L7BV0070 

mill  be  ChAned  als,o.-so*for  nom  assume  the  input  is  sorted»****l76voooo 


L7SP0610 

L7BP0B20 

L76P0630 

L76P08H0 

L76P06S0 

LfbHuoou 

L76P0670 

L76P0880 

L76P0090 

L76P0900 

L76P0910 


DIMENSION  X(1«).Y(7|.  Mil).  X0(1|.  YOU).  CUBE  (3) .  ROOT (3). 
«  ROoTltSI.  X9 ( 1 1 1  Y9(l> 

COMMON  /COTAN/  TINt  7»2>.  C0EF(».  7i2> 

DO  I  1=1, MM 
Xllt  X  X9II) 

Xd*7>  S  Y9UI 
1  Vd>  *  Y9U1 

IF  (MM  ,GC.  2)  00  TO  t« 

IF  (MM  .EQ.  01  Y  =  0. 

00  5  1:1 .N 

5  YOU)  =  Y 

■  RITE  16.100'  <  XO(tl.  YOd).  1=1. Nl 

1,00  FORMAT  (  94H0  PROBLEM  MJTH  CURVE  FITS  (CURVIT'  -  LESS  ThAn  T 


•NTS  ON  THIS  CURVE.  -  INPUT  X  OUTPUT  f,  /(72X.  2E11.9.  />  »' 
RETURN 

TO  CALL  PARAM  (MM.  X.  2) 

DO  90  d=l.N 
TUM1X1 

DO  2«  1=1. MM 

Ksl-i 

20  IF (  XO(d>  .LT.  Xll)  )  00  TO  SO 
IF!  XO(d)  .EO.  X(I>  )  00  TO  »e 
TUM1S-1 
1=  MM 

25  TUM1S-TUM1 

SLOPE  =  UMI.21/TIN(I.1>»  TUMI 
CONST  =  Y ( 1 '  -  SLOPE*X(I> 
yo(Ji  x  sLOPE*xo(d>  ♦  Const 
60  TO  90 

30  IF  (I  .EO.  1»  00  to  23 

33  IF  (XO<d!  .EO.  X9kK"  00  TO  64 

K  REFER  TO  THE  SECTION  FROM  MH1CH  ME  NEED  THE  COEFFICIENTS. 
0=  COEFm.K.lI 
DO  40  1=1.3 

40  CUBE ill  =  COEF(I.K»1>/0 

cube ( i '  =  Cube ( i )  -  xo(j)/o 

CALL  CUBIC  (CUBE 1 3) .  CU6E(2>.  CUBE.  ROOT.  ROOTI  » 

DO  SO  1st. 3 

IF  (  ABS(ROOTd) )  »LE.  .0001)  ROOT(I»  =  0. 

IF  (  ABS(ROOT(I'-1.).6T..OOOH  00  TO  49 
48  YOOT(I)  =  1. 

Y_'(d>  =  Y9(K4ll 
60  *6  90 

49  IF(ROuTId)  •NE.O.)  00  TO  50 
(F(ROOTd).LT.d.)  00  TO  SO 


L76V0090 

>.  ROOT (3).  L76V0100 

L76V0110 
L76V0120 
L76V0130 
L76V0140 
L76V0150 
L76V0160 
L76V0170 
L76V0160 
L76V0190 
L76V0200 
L76V0210 

LESS  THAN  TMO  POIL76V0220 

2E11.4.  />  I  L76V0230 
L76V0240 
L76V0230 
L76V0260 
L76V0270 
L76V0200 
L76V0290 
L76V0360 
L76V0310 
u76V0320 
L76V0330 
L76V0340 
L76V0330 
L76V0360 
L76V0370 
L76V0380 
L76V0390 
L76V0400 

COEFFICIENTS.  L76V04T0 
L76V0420 
L76V0430 
L76V0440 
L76V0450 
L76V0460 
L76V0470 
L76V04B0 
L76V0490 
L76VOSOO 
L76V0510 
L76V0520 
L76V0S30 
L76V0540 


End  of  INTERP,  Start  of  CURVIT 
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IF<ROOTUT,CT^T.T  60  TO  50 

60  TO  60  L/6V0550 

50  CONTINUE  L76V0560 

c  ••  There  is  no  soln.  *•  L76vos7o 

aMSfCU.|OI>  '(CflCF'I.K.ll.  1=1.61.  «.  ;S557;i;.„outl,|l„sl|:^“S 

llll^FORMAT^I  MHO  *  ROOT  FOR  THE  CUBiC  eRUATION  X  =.  E11.4.3H  ♦  .  tm»oSlO 

•ECTION  ,  IS.  /✓  6X.  «H*DOcI  NOT  MKT'aeTWfVo^Jt*3!13”  ,M  SL76V«‘>0 
•EiJ.aroTH  AND  The  roots  i»c  -  Seal  mt*m  •; "J°  j' *  =  '<-W0tio 
•E15.7.  2X*E15»7  >  >  E*L  IMASINART*  </77X»  l76V06<)0 

T  =  .5  L76V06S0 

60  TO  61  L76V0660 

60  T=  0.  L76V0670 

•0  TO  61  L76V0660 

60  T  s  (^OOT(I)  L76V0690 

.  tssss 

60  CONTINUE  L76V0720 

END  LT6V 

61  FOR  AVOUAD  L76V0730 

SUBROUT 1 1C  AVOUAD  IN.X.V.AREA) 

C  l.NTEORATION  by  AVERAqeD  QUADRATICS  raspD  ON  I  AnBAuflr  . .  U76A0010 

DIMENSION  X(J2l,y(12)  ■  SC°  0N  <-*OR»Nde  INTeRPOLATiefNL76AOo20 

AREAsO.  L76A0030 

Tl=Y(l)/tlXU)-Xl2>>»<X(l>-X(3)))  L76A0040 

T2=T<2l/( <X<2»-X<ll )*<X<2»-XI31) )  L76A0050 

Tj-yijl/l <X ( 3i*X< 1 ) ) * < x< 3)-X<2) ) )  176Aoq6o 

A2=T1«T2*T3  L76Aoo7o 

taws 

life;;" ‘K<«»663‘-«x,i»«3,)t«aa/a.».Ux«»u^»-«K<lu.l:;jS«;j 


12H«C2*(X<2)>xil)i  *'*‘""X«2***2I 

,N2=N-2  L76A0120 

00  101  K=2.N*  L76A0I30 

Al=A2  L76A01AO 

01=82  L76A015D 

C1=C2  L76A0160 

SJolaS 

j2=\^Ii«<X<‘<ta>'X‘K>,*'X‘K*2,-*,^1,»>  U6A0M0 

B2=-(Tl.«x<KM>'»X<K*2l>*T2«<X<Km»K*2»>*r3*rxiirl.*«,<i,*.ili  L76A0210 

Atuit5ix/i’/x‘K+2,+T?*x,K,*x,M2UT3*)<,K,*x<KM>  t'iZlll 

8=<Bl*B21/2.  L76A0240 

C=«Cl*C2»/2.  L76A0250 


8=<Bl*B2»/2. 

C=«Cl*C2>/2. 


RETURN 

END 

6X  FOR  CUBIC 

c  ‘  p*  •! ??0T’  *9®T*  > 


',VD*V'  1  r *  K*  HOOT*  POOTI  ) 

&®NTHE  RE‘L  *  COROOTX3J>R5oT?E3jX**3,*,,*,X***,#8*‘)0*R=0 
60  DO  220  1=1.3  W 


60  00  2?0  1=1.3  ' 

ROOT ( I )=  0. 

220  ROOTIClIso. 

P3  *  P/3, 

SMALLA  r  0  -  p*P3 

SMALLB  =  2.  *P3**3  -  pj*  o  *R 

AOS  =  SMALLA/3, 

SB2  =  SMAU.B/2 . 

B4  =  SB2**2 


U76A0300 

L76A0310 

L76A0320 

L76U0010 

L76U0020 

L76U0030 

L76U0040 

L76U0050 

L76U0060 

L76U0Q70 

L76U0000 

L76U0060 

L76U0100 

L76U0110 

L76U0120 


0  01386 

0  01387 

o  ones 

n  nn.a 
0  01390 

3  01391 

3  01392 

}  01393 

3  01394 

)  01395 

>  01396 

)  01397 

I  01396 
I  01399 
l  01400 

01401 

>  014  02 
01403 
01404 
01405 
01406 
01407 
01406 
01409 
01410 
01411 
01412 
01413 
01414 
01415 
01416 
01417 
01416 
01419 
01420 
01421 
01422 
01423 
01424 
01425 
01426 
01427 
01428 
01429 
01430 
01431 
01432 
01433 
01434 
01435 
01436 
01437 
01436 
01439 
01440 
01441 
01442 
01443 
01444 
01445 
01446 
01447 
01448 
01449 
01450 
01451 


1*  En<i  of  CURVIT,  AVQUAD,  Start  of  CUBIC 


Figure  60.  Continued. 
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n  rvo  a 


A*7  =  A03  *«3 

SMALLC  s  D4  ♦  A27 
IF  <SHALLC>1*  '  J  '5 

>.lav*n«  A  AfM  I 

IF  C$*ALLG>  3<4<it 


J  XAa-X* 

A  RQOTU)  SXA-P3 
RS0TI2)  R  ROOT'l1 
ROOT(J)  a  -XA-XA-P3 
80  TO  22 

5  POWER  a  1./  3. 

B2  a  -  SMAU6  /  2. 

SBAa  SORT  <  SMU.CI 
RIGA  S  B2  ♦  SB A 
BIGS  a  02  -SBA 
IF  <  8 IGA  >8  '  7  *  8 

b  BlQAl  a-lI-BIG*  POWER 

t'O  TO  9 

7  BIGA1  SO. 

GOTO  9 

8  BldAl  a  (  BIGA)**  POWER 

9  IF  <  BIOS  >10  >  11'  12 

10  BlGBi  a-U-BIGB)  *♦  POWER 
GO  TO  IS 

11  01G01  =  0. 

GO  TO  13 

12  BIG  01  a  (S1GBI  *•  POWER 

13  AB  =  BlGAl+BlOBl 
ROOT  III 
ROOTII1I 
ROOT  <2> 

ROOT  13> 

ROOTI 12> 


AB-P3 

0. 

-AB/2.-P3 

ROOT  121  „  , 

SORT  13.1/2.  •<  BlQAl  -  QIG01) 
-  ROOTI  12) 


ROOTll 3) 

03  TO  22 

14  RAO  =  57.2947795 
CON  =  120./  B*0 

A3  a  SORT  (  -A03) 

IF  (SMAULO  1  15'  16'  IT 

15  COT  a  0. 

CP  a  1. 

GO  TO  IB 

16  FH3  a  30./  RAD 
GO  TO  19 

17  COT  a  160.  ./RAO 
CP=  -1. 

IB  B4A27  a  -  84  /A27 

COSPHl  a  CP*  SORT  (  B4A27) 

XK  =  SORT  I  1.-  04A27) 

PHI  =  ATAN  1  XK/  COSPHl  1 
PH3  a  1C0T  ♦  PHl»CP/3.) 

19  00  20  1=  1*5 

20  ROOTI 111  a  0. 

AK  =  A3«  A3 
ANGLE  apH3 

ROOT1!*)  S  AK  *  <-0S  1  ANGLE  1-P3 

21  ANGLE  =  ANGLE  AEON 

22  RETURN 

end 

01  ^SUBROUTINE  SIMCOR  IN.H'V'XINT' IERR* 
PURPOSE 


TO  INTEGRATE  A  FUNCTION  F1XI  OVER  A  RANGE  1A.B1 


L76U0130  01*52 

LT6U01R0  01*53 
L76U0150  OIKS* 
L76U0160  0l*35 

L'BUOl'U  IM’M 
LT6U0160  01*57 

L76U0190  01*58 

L76U0200  01*59 

L76UQ210  ol*60 

L76U0220  01*61 

L76U0230  01*62 

U76U0260  01*63 

L76U0250  01*6* 

L76U0260  01*65 

L76U0270  01*66 

L76U02B0  01*67 

L76U0290  01*6# 

L76U0300  01*69 

L76U0310  01*70 

L76U0320  01*71 

L76U0330  01*72 

L76U0340  01*73 

L76U0350  01*74 

L76U0360  01*73 

L76U0370  01*76 

L76U0380  01*77 

L76U0390  01*78 

L76U0400  01*79 

L76U0H10  01*80 

L76U042Q  01*81 

L76U0*30  01* B2 

L76U0**0  01*83 

L76U0450  01*84 

L76U0460  01*83 

L76U0470  01*86 

L76U0480  01*87 

L76UO*9o  01*88 
L76U0300  01*89 

L76U0310  01*90 

LT6U0520  01*91 

L76U0330  01*92 

L76U0340  01*93 

L76U0550  01*94 

L76UOS60  01*95 
L76U0570  01*96 

L76U0580  01*97 

L76U0390  01*98 

L76U0600  01*99 

L76U0610  01300 

L76UU620  01501 

L76110630  01502 

L76U0640  01503 

L76U0650  01304 

L76U0660  01305 

L76U0670  01506 

L76U0600  01307 

L76U0690  01508 

L76U0700  01309 

L76U0710  OlSlO 
L76U0720  01311 

01312 

L76S0010  01313 

L76S0020  0151* 

L76S0030  01515 

L76S00*0  01516 

L76S0050  01517 


m.  End  of  CUBIC,  Start  of  SIMCOR 


Figure  60.  Continued. 
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rtrtfl  r>r>  nftdftrto  ftf>  *»  nnrtftfinn  n  o 


method 

SIMPSONS  rule  with  a  correction  factor  incorporated 
IN  the  eouation  is  used  if  IN-l)  is  divisible  by 
BOTH  2  and  a 

SIMPSONS  RULE  IS  USED  WITHOUT  THE  CORRECTION  FACTOR 
IF  (M-ll  IS  ONLY  DIVISIBLE  BY  2 

IF  (N-l)  IS  NOT  DIVISIBLE  DY  2  THIS  IMPLIES  THAT  N 
IS  EVEN  RNO  THIS  SUBROUTINE  CAN  NOT  BE  USED. 

CAlLINO  SEOUENCE 

CALL  SIHCOR  (NrH.Y. XINT * IERR) 

DESCRIPTION  OF  PARAMETERS 

N  -NUMBER  OF  POINTS  THAT  ARE  TAKEN  OVER  THE  CURVE 
H  -CONSTANT  INTERVAL  BETWEEN  THE  POINTS 

Y  -SUPPLIED  FUNCTION 

XINT-TOTAL  AREA  1<N0ER  THE  CURVE  BETWEEN  A  AND  B 
IERR-ERROR  CODE 

1ERR  -  0  IN— t i  NOT  DIVISIBLE  BY  2  THEREFORE  N  IS 

IERR  *  1  IN-1)  IS  DIVISIBLE  BY  2 

IERR  =  2  (N-l)  IS  DIVISIBLE  BY  BOTH  2  AND  4 

DIMENSION  Y(l) 

IERR  »  0 

K  «  MOO  KN-D'1*)  ♦  1 

IF  (R  ,EO,  2  .OR.  K  ,E«.  4)  RETURN 

XINT  S  Y(l)  ♦  4.*  Y(N-1>  ♦  Y(N> 

NSf  s  N  -  3 
DO  10  I  =  2«N3'2 

10  XINT  S  XINT  ♦  4.*  YU)  ♦  2.*  Y(l*l) 

RINT  S  H/5.0  *  XINT 
IERR  »  1 

IFIK  .EQ.  3  .OR.  N  .LT.  9)  RETURN 
XINT1*  Y(l)  ♦'  4.*  Y (N— 2)  ♦  Y(N) 

NS  =  N-6 

DO  20  I  -  3'Nb>4 

20  XINT1S  MINTS*  4,*  YU)  *  2.*  Y<.H2) 

XINT1S  2.*  NX3.  ♦  X1NT1 

jtfNT  =  XINT  ♦  IXINf  -  XINTD/15. 

IERR  *  2 

RETURN 

END 

SI  FOR  TRIOAO 

SUBROUTINE  TRIDAO( A»0»K1*Z  ) 

DIMENSION  A(  T.B)*e(7)'2(7) 

l  format  uox'5qmt=o,  .or.  sso.  in  trioag,  cannot  divide  by  s 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


PURPOSE 

to  solve  the  tridiaoonal  matrix  fouation 


*  •  * 

*  S  *  R  * 

*  *  * 


- **. 


*** 
•  * 
•  • 
»  • 
»  » 
*  * 


L76SQ06C 
L7650070 
L76S00B0 
L76S0090 
L76S0100 
L76S0110 
L76S012Q 
L76S0130 
L76S0140 
L76S01SO 
L76S0I60 
L76S0I70 
L76S01BO 
L76S0I90 
L76S0200 
L76S0210 
L76S0220 
L76S0230 
L76S0240 
L76S0290 
L76S0260 
L76S0270 
L76S02B0 
L76S0290 
L76S0300 
L76S0310 
L76S0320 
EVEN  L76S0330 
L76S0340 
L76S0350 
L76S0360 
L76S0370 
L76SOS0O 
I.76S0390 
L76S0400 
L76S0410 
L76S0420 
L76S0430 
L7&S0440 
L76S0450 
L76S0460 
L76S0470 
L76S04B0 
L76S0490 
L76S0500 
L7GS0S10 
L76S0520 
L76S0530 
L7650540 
L76S0SB0 
L76S09S0 
L76S097O 

L76T0010 
L76T0020 
OR  T)L76T()030 
L76T0040 
L76T0030 
L76T0060 
L76TOOTO 
L76TOO0O 
L76TOOOO 
L76T01O0 
L76T0110 
L76T0120 
L76T0130 


01510 

015)9 

01520 

01321 

01522 

01523 

01524 

01525 

01526 

01527 

0152B 

01529 

01530 

01S3I 

01532 

01333 

01534 

01535 

01536 

01537 

01536 

01539 

01540 

01541 

01542 

01543 

01544 

01545 

01546 

01547 

01540 

01549 

01530 

01551 

01552 

01553 

01554 

01555 

01556 

01557 

01560 

01559 

01560 

01561 

01562 

01563 

01564 

01563 

01566 

01S67 

01568 

01569 

01570 

01571 

01572 

01573 

01574 

01575 

01576 

01577 

01576 

01579 

015B0 

01581 

01582 

01503 


n.  End  of  SIMCOR,  Start  of  TRIDAG 


Figure  60 .  Continued . 
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FOR  the  solutions  2>  WHERE  OAUSS  IS  NOT  USED  AND  THE  SUB-MATRICES 
ALL  CONSIST  OF  A  SINGLE  ELEMENT. 

DESCRIPTION  OF  PARAMETERS 

a  —  Matrix  whose  three  diagonals  centered  on  the  principal 

01 AGONAL  BECOME  THE  TRIO I AGONAL  MATRIX, 

0  —  RIGHT  HAND  SIDE  Or  EOUaTION.  VECTOR  OF  LENGTH  Ki. 

Kl—  HUHBER  OF  ROWS  IN  THE  MATRIX  A. 

Z  ~  SOLUTIONS ^  VECTOR  (COLUMN)  OF  LENGTH  Kl  . 

FIND  THE  LAST  SOLUTION,  ZtXlI 

SR  A(1>1) 

R=  All, 2) 

IF  (S  .EG,  0.)  GO  TO  25 
C=  0(1)/$ 

D=  -R/S 
K2  S  KI-1 
DO  10  l=2»K2 
1  5  A(l. 1-1) 

S  S  A(l. I) 

R  =  Ad.Id) 

OENON  s  T*0+S 
C  -  (Gd)-C*T)/DENOM 
D  s  -R/DEMOM 
10  CONTINUE 
SW  A (kl . Kl ) 

T-  AtKl.Kt-D 
i(Ki)=lG(Ki)-T«C)/(T.D+S) 

CALCULATE  other  SOLUTIONS,  proceeding  backwards 

IFIT  .EQ.  a.  )  00  TO  25 
Z(K1-D  s  (  G(K1>-Z<K1)*S>/T 
15  K3=K2-1 

DO  20  1=2. K3 
J  B  Kl-I 
S  =  AIJ+l.J+l) 

R  =  A ( J+l * J+2) 

T  =  A( J+I.JI 
IFIT  .EG.  0.  )  00  TO  25 
Z(J>  =  (  G(J*1)-S»Z(J*1)‘R*Z(Ja2)I,/T 
20  CONTINUE 

zd>  -  (G d)”A(  1.2) *Z(2> >/A(l.l I 
return 

25  Wf(ITEl6d) 

RETURN 

END 

FOR  PARAM 

SUBROUTINE  PARAH  (N.  P.  IJ  ) 

DIMENSION  0!  T) #  P(  7»2>»0EL<  7.2I.DIST1  7).A(  7.  S>»0<  7,2) 
COMMON  /COTAN/  T<  7.2),  COE  (4.  7,?) 

N1  =  N-l 


L75T0140 

L75T0150 

L75T0160 

L7AT0I70 

| ..f.t.. 

L76T0190 
L76T0200 
L76T0210 
L76T0220 
L75T0230 
L76T02«0 
L75T025O 
L7AT0260 
L7b  270 
L76T0280 
<  76T0290 
L76T0300 
L76T0310 
I.76T0320 
L75T0330 
I.76T0340 
I.75T0350 
L75T0360 
L75T03TO 
L76T0380 
L75T0390 
L76TQ40G 
L76T0410 
L76T042Q 
L76T0430 
L76T0440 
L76T0450 
L76T0460 
L76T0470 
L76T04B0 
I.76T0490 
L74T0500 
L76T0510 
L76T0520 
L75T0530 
L76T0540 
L76TQ550 
L76T0560 
L76T0570 
L76T05B0 
L76T0590 
L76T0600 
L76T0610 
L76T062O 
L76T0630 
L76T0640 
L76T0650 
L76T0660 
L76T0670 
L76T0680 
(.76T0690 
L76T0700 
L76T071 0 
L75J0720 
L76T 

L76T073Q 

L76X0010 

L76X0020 

L76X0030 

L76X0040 


End  of  TRIDAG,  Start  of  PAKAM 


Figure  60.  Continued. 
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i 


¥> 

15 


20 


30 


N2  =  N"2 
N3  »  N-3 
N0SN2 
ISO  a  2 
DO  19  ISUN1 
DO  10  Jail i 

bcL(t'j)  *  p«i*i»yi  -  p(.i»j> 

DISH  I)  =  SORT«DCLtI»U**J  ♦  DCL*lt2l««21 
bo  2(0  laiiN 
DO  20  J* 1 »N 
A<t*jj  SO*  ,  , 

A(l>3*  a  DISUl) 

A(N2>N2)  a  01ST(N1) 

00'  $0  ls2»H3 

A(ItI>  =  OI$TU*t> 

A(X»1*1)  =  2.»<01ST(1»*0IST<1*H> 

Ati.i+2)  a  Divnn 
00  30  Jal *2 


L/6X0090 

176X0060 

L76X0Q70 

L76X0080 


176X0100 
L76X0110 
176X0120 
176X0130 
L76X0140 
L76X0150 
C76X0160 
L76X0170 
176X0180 
176X0199 
L76X0200 
176X0210 
L76X022Q 

5<t7jr  ■c‘3.»<OlST(ll/01ST(l*ll»DEHl*l»d)*OIST(l*l>/DlST<l»«OEl<176X0230 

*  1»J)>  176X0240 

12  A(l*2)  a  2,»  OlSTUI  ♦  0IST(2>*I.5  !"I552552 

C  12  A(1.2>  S  2,*1DIST(1»  .♦  0IST<2>! 

f>rt  i>-ii9  I,T6a0Z»0 

C  33  §?ltj>  =  3.6(0lST(l)/DIST<2»*0fL<2*J>*01ST<2>/PIST<l|*DELUtd{>  -  176X0280 

°  33  0«l»d>  =  3»*<OlsTCl)/DlsT12>*Oet<2*d»*DlST<2)/blST«l>*BELUiJ»/2.>L76X0290 

C  *  nTCTl»i,  tii.J)  L76X03O0 

C  22  A«N2f  N1  )  a  2**(0IST<N2  )  ♦  OlSTjMl  |> 

22  A(N2t  N1  >  «1.5*  0IST»N2  I  ♦  D1ST<N1  >*2.  176X0320 

no'  at  j=«.s  176X0330 

27  Q(N2,  d)  sl.5«IOlST(N2  )/DlST(Nl  UOEllNi.  J>  ♦OISTIHI  MD1ST  176X03*0 

C  27  Q  (N2 1  d>  -  3«*<OISTfN2  1/OISTl.Hl  >«dE1IN1*  J*  *DISTIN1  i/DIST 

C  Viil  UdEUN2»  d) )  -  D1ST1N2  J*  T(N.d) 

17  DO  45  Jsl’2 
DO  36  |31>N0 

36  «<l>aQ<ltd> 

CALL  Tf(I0AOlA<1.2).0>N0>TI2«d>) 

T(l»d)  a  | ,5/0 IST*0E1 < 1 » d )  -  .5*T<2»d> 

T(N.d)  =  1.5/0ISt<Nll*0El«Nl»d)  -  .3*T(NltJ» 

1,4  C0E<4*i»dia_,2i*DEL(  ltd)  *  OlST(Il»(  T(  I+ltJ>4T(  l«dl  I 
C0E(3>lrdia  j,*DEL(l.d>  -  0IST(.U*(  T(I*ltd>*2.*TI ltd) 

COEU'ltdlS  D1ST  (IXTdidt 
45  COEdtltdia  P«Itd» 

RETURN 
END 

SI  FOR  E386RN 

C  ACOUSd^PRESStJRE  V.BERECZ  FORR.KlNO  DECK  C386 

*  IRSI51  tITRACMSI  tFI(8i3>#NCHAN<5>5)tE3800PiNFTtAN8tKEVliKE72t 

*  'KE73,NHH>CAPRF<20>»7HETAF<201 o AlFAF(20) lOPRONOtNCHlS) ilNTERHt 

*  I REEL *  NC  *  NT BDX <  5 1 1 0 1 » MST ATC ( 5 i 10 > iNSTATRI St 10> » ISETtSl « SREELS* 

*bOMMON^/iK2/*.NOVCLEtC7CLES»KUiNDlV(4)  #  8KSSKI61  *,NN1435J  tlIRSt 

*  KTRACKtKBURSTiKRECtNDHl44tlOtSI  tN02<14»t 10tbl »XL0|7> tXLM (7t40> f  L76E0110 

*  XNM<7t40)tTEMPl<71»'TEMP2<^*'TEMH3l7)fPliA2NTH2d44)»AiHTHd44)i  I.76E012.C 

- - *-"*•>  *“  “"ll^NKt TEE. BEE tOEEt OMARI  <288 t2Q>t  L76E0130 


) 


l/DIST  176X0350 
176X0360 
176X0370 
176X0300 
176X0340 
176X0400 
L76X0410 
L76X0420 
176X0430 
L76X0440 
L76X0450 
176X0460 
176X0470 
L76X0480 
176X0490 
176X0500 


176E0010 
176E0Q20 
EtHUMRNt  L76EO030 
-  l76Ed0“0 

176E0050 
176E0060 
L76E0070 
L76E0080 
L76E0093 
176E0100 


ItTEM 

OPRAD<  AjRAOt.NO,  YCSt.NBl 


*  MMApl(2B8t20).XO<20> 

DIMENSION  CN(3lt5t5(tSN(30t5t3i tAN(31il0t5>tBN(3Qtl0t5)t 

*  '6MAR(i44«5>tHMARU44«5> 

EQUIVALENCE  (ND2(S761)tHMAR)t 

0  IQMARItAN) t 

*  (OMARI (1531 )> BN > < (HMARliCNl t (HMARI (7761 tSN) 


L76E0140 

LT6E0150 

L76E0160 

176E0170 

176E0180 

176E0190 


01630 

01651 

01652 

01653 

nlilk 

01635 

01656 

01657 

01656 

01659 

01660 

01661 

01662 

01663 

01664 

01665 

01666 

01667 

01660 

01669 

01670 

01671 

01672 

01673 

01674 

01675 

01676 

01677 

01670 

01679 

01680 

01601 

01602 

01603 

61604 

01683 

01686 

01607 

01688 

C1689 

01690 

01691 

01692 

01693 

01694 

Situ 

01697 

01690 

01699 

01700 

01701 

01702 

01703 

01704 

01705 

01706 

01707 

01708 

01709 

01710 

01711 

01712 

01713 

01714 

01715 


p.  End  of  PABAM,  Start  of  E386RN 


Figure  60.  Continued. 
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EQUIVALENCE  (NDI (5761 liflM API 

DIMENSION  0(721.61. R<eliVe(81.Vai(81» 

1  V29 (721 1 » V23I (721) *PSI (721 >  >PRA0(72l ) 

EQUIVALENCE  (Q>N011  *  I  VJS.N02>»  (  V2S1.ND*  <  1.  1»2>  >  •  (PSI*.N02<1>  If  31  >  I 
*  "  (PRA0.N02U.1.4II 

READ  FLT,  CQND,  PARAMETERS  ANO  BLADE  SECTION  LOAD  INS.  PRINT  SANE. 

RBNSNBLAOE 

EQUIVALENCE 

X  '  (CH. AA) » (SOS.CC) > (Sol >00) • (Bl.BlO » (Bli  >0lS) » (8.0AHA) . 

X  (NHAR.ML1HRN) »  ( NFT «NFP 1 • <  OMQ » OMEG ) 

NR AD  =  LIRS*I 

6ATC1=0O 

OATC2-01C 

0ATC3-B1S 

6ATe4=6AMA 

6ATC5=0HE0 

SOS  =  SOS/12 .0 

d=l 

Rdiso. 

DO  730  I=l»5 
J=J*1 

iFlIRSUl.EO.Pl  00  TO  730 
R<j1=RR(I1*0LAOEL 
730  CONTINUE 
dsjoi 

R(J)*BLADEL 

RAD=  1./S7. 2957705 

NP=(360./ANO»+1»Q<U 

NTSNP-1 
PSKl>  =  0. 

PRAD(1)=0. 

DO  A  1=2. NP 

psni)=  psni-m  ano 

A  PRA0(I1=  PSI ( I1*RAD 
DQ  77  l=l.NRA'D 
DO  77  J=l.NP 
Q(  J. I )=XLO( I > 

00  77  KS1..NHH 

77  Q4d. I )=Q(J* I ) AXLM( I»NI*C0S<5< »PRAD(UM+XMH( I «Kl*SI,N(X*PRAD(dM 
IF(KE71.NE.99>  00  TO  B8 
00  B6  I=1>NRA0 

86  WHITE  (6.871  XLo(I1.((XLH(I.U)»)(MM(I,UI|,J=1,NHAR) 

07  FORMAT  (E23.B/. (2E25.81 1 

as  WRITE  (6.81  BOlfBt.BlI.CII.OMO.RON.RO.  <R(I).  l*l#NRADl 

8  FORMAT  (AHO0O1.C15.6.AH  BHE15.6.5H  BU.E19.6.7H  CH0RD.E15.6. 

1  7H  OMEGA .E15.6.BN  BLADES • F7 « o » //25H  RAOlUS  AT  START  OF  TWIST. 

2  E1S.6.////3OX.21H0LADE  SECTION  L0AD1N0.///7H  RA0IUS»l(tX>lH1.14X» 

3  1H2'  14X» 1H3*14X»  IH4' 14X*  1H5* 14X*  1(16.  I4X.1H7.14X. IHB./SH  AZIMUTH* 
A  2X'BE15.6.//1 

00  9  1=1. IIP 

9  WRITE  (6.101  I»P5I(  H*  (Q<I>K1  *K*1«NRA0I 
10  FORMAT  (IA.F7.1.8E15.61 

0MGS3 . 1 41 59265*0M6/ 30 . 

S0S*12.«S0S 

riol=B01»RAD 

Bl=8l*RAD 

B11=Q11*RAD 

6=G*RA0 

0EOIN  MAJOR  LOOP  ON  F1EL0  POINTS 

00  999  II=1.NFP 
CAPRsCAPHF ( II 1 


L76E0200 

L76E0210 

L76E0220 

L76E0230 

L76E02A0 

L76C0230 

L76E0260 

L76E0270 

L76C0280 

L76E0290 

L76E0300 

L76EQ31D 

L76E0320 

L76E0330 

L76EO340 

L76E0350 

L76E0380 

L76E0370 

L76E0380 

L76E0390 

L76E0400 

L76E0410 

L76E9420 

L76EOR30 

L76EO440 

L76E0430 

L76E0460 

L76C0470 

L76E0480 

176E0490 

L76EOSOO 

L76E0310 

L76E0520 

L76E0530 

L76E054O 

L76E055O 

L76E0560 

L76E0570 

L76EO30O 

L76E0990 

L76E0600 

L76E0610 

L76E0629 

L76E0630 

L76E0640 

L76E0650 

L76E0660 

L76E0670 

L76E0680 

L76E0690 

L76E0700 

L76E0710 

L76E0720 

L76E 

L76E0730 

L76E0740 

L76E0750 

L76E0760 

L76E0770 

L76E0760 

L76E0'90 

L76E0800 

L76E0810 

L76E0820 

L76E0630 

L76E0840 


E386RN  Continued. 


Figure  60.  Continued, 
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THETAS]  HETAM  II  I  ,  . 

ALFAsALFAF  ( 1 1 1  ,L2fS!??0 

11  r.ORMAT  <3Fl2.4>  L*«006U 

WRITE  16,12)  CAPR, THETA, ALFA 

CA'PRS12.*CAPR 

Al,FAs  RAD«ALFA  L?6F09i° 

THETAS  RAOTTHETA  f"?2l2252 

DO  999  HSliNHAR  K!?f°?90 

DO  WO  FkSl*NRAO 

00  99  JJs 1 , NT  L76E0960 

1CcSI?pI2ST  R  ‘ KK » *R  *KK  >-a  •  *CAPn*K « KK  >  .C°s «  Al,FA>*  176E0980 

siT^IN;BE^lKK,"',°'+Bl*C0S'  PRA0,JJ‘  >+6»*SIN.  RRAo.JJ)  )  tltlilll 

CBTAsCOSISETA)  KJ?£}0i0 

VS  N  L76E1020 

IF  yiF5?N;2MS;f*E|<S«st‘5*cH*RQN/R<t<KlTRBH*  PRADI JJ) )  L76E1O40 

IF  <KEY3.E0.99>  WRITE  (6,98741  CAPS,  BETA,  V  lJSftSJS 

9874  FORMAT  (3E23.8)  L76E1080 

TEMPS  M  L76EI060 

99  CONTINUE  L76EU30 

V25<NP1=V2S(1)  ,L22E}Ji° 

V25ICNP)SV2SHU  Mr?11?0 

CAt,L  SIMC0R(.MP,PRAD(Z),V25  .AR.IERR)  LTAEmvS 

IFdERR  .EO.  0)  WRITE(6,8416> 

K^^5X'"H£R',0R  ,N  S,MC0R'  IERRE°  L7fciiilo 

c^<-  SIMCCR  ( NP. PRAO < 2 1 ,  V25 1 ,  AR.  IERR 1 

V«!&E0,  0>  ^ITe<6'8'*i«"  L76E1220 

;F!!<eJ2,E0.99)  WRITE  (6,98761  V««KKI ,  <V85( I > ,  1=1, NP)  |L76f}3;!!! 

9876  .JWSEii;^  VBHKK7HV*.!.!,.!-!,. HP,  176E  »0 

990  CONTINUE  L76EI260 

CAUL  AVOUAO  <NRAD.R,V8,PRTAR)  ilSsJfriS 

CALL  AVOUAO  <NRAD.R.V«I,PRTAI  ) 

«  jBSM'ffi  WR,TE  *  A*9A?5)PRTAH»  (V8(K|0  »KKS1,NRAD)  L76E  SoS 

. « 

a  if! 

WRIT?  <A.<3«57>  M.Dftrl.coi  176C13H0 


99  CONTINUE 

V25<NPJ=V2S(1) 

V25I«NP)cv2bKi) 

CAl,L  SIMC0R(MP,PRAD(2),V25  •  AR, IERR) 

IPdERR  .EO.  0)  WRITE<6,8418> 

V8(kS>=AR/25,'':!5HER,,0R  *N  S,MC0R'  !ERRE° 

C ALL  S 1 MCOR ( NP , PRAO  < 2 1 , V25 1 , AR , IERR 1 

V8I<RK1RARE0‘  0>  ^,TE<<,'a“ia> 

re!5Svi!'!S*!!!!!  “3iTE  *6,^876l  V««KK),(V25(I>,isi,np> 

9876  »i^!a^5TEE2^?r>  VeKKKT.TV^I.Tj.Z^NP, 
990  CONTINUE 

CALL  AVOUAO  (NRAD.R,V8*PRTAR) 

CALL  AVOUAO  <NRAD.R.V8I,PRTAI  ) 

22!IE  J‘,’;’S1,P«TAR,<V8IKK>,KKSI.HRAD9 
oh  ye.  pos^vYt;>2:?9!  write, <6»9«75»prtai,(v8i<kk>,kksi,nrao> 
9873  FORMAT  t//E23.a,/4E25.«,/4E25.a>//J 

?3.T5ai!o3S022«*CAPR/CH>*SORT(PRTAR**2APRTAIVW2> 

SPL-  20.«AL0O10<A0S(pRTA/2,9E"9>) 

WRITE  <6,9971  M,pRTA,SPL 
997  FORMAT  (23X, I2»5X»2E2Q.8) 

999  CONTINUE 
80*9 AT Cl 
81CS0ATC2 
BlSsflATCS 
SAMAsGATCM 
OMEQsGATCS 
RETURN 
END 

91  FOR  OUTSPL 

SUBROUTINE  OUTSPL 


L76E1350 

t76ElJ60 

L76E1370 

L76E1360 

L76E1390 

L76E1400 

L76E1410 

L76E1420 

L76E1430 

L76E1440 


jvunvwinNc,  yw  i  >ru  .  ......  4 

*  /a£K  I0D,BB,AA,Xa(5,5)»0P5I»RR<5), OREO, CC, NRLADE, MLIMRN,  L7600020 

*  20  ,  YFP  (  20  ).7FP(20).  OAMA  ,  RO ,  BL ADEI  . Bo , BlC.BlS  PUNCH,  L?6O0n3n 

*  LSPAN,FROC(30),TCOP.SLOPE(10,51 , OFFSET  (10*5)»KUNIT<5)b I BURST,  "  L7?0nSuS 

IRSl5),ITRACK(S),FI(5,b),NCHAII(5,b),E3e60P,MPT,AN9,KEYHKEY2,  L7600050 


0I7B2 

01783 

01764 

01783 

0178* 

01737 

01788 

01789 

01790 

01791 

01792 

01793 

01794 

01793 

01796 

01797 

01798 

01799 

01800 

01801 

01802 

01803 

01804 

01805 

01806 

01807 

01808 

018,9 

oieio 

01811 

01812 

01813 

01814 

01815 

01816 

01817 

oieifl 

01819 

01820 

01821 

01822 

01823 

01824 

01825 

01826 

01827 

01828 

01829 

01830 

01831 

01832 

01833 

d!834 

01835 

01836 

01837 

01836 

01839 

01840 

01841 

01842 

01843 

01844 

01845 

01846 

01847 


r.  End  of  E386RN,  Start  of  OUTSPL 


Figure  60.  Continued. 
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*  KEY  VNHH>CAPRF(20I  »TH£TAF( Z0>  »  ALFAFUO » «0PR0N0»NCHt5) •  INTERH*  L7600060 
«  1REEL>I|C.NTBDX(5.10><NSTATC<5*10),NSTATR(5»10>-  ISET(5),IReELS»  L7600070 

♦  NOCH!S)<LA*i  L7600080 

COMMON  /EK2/  NCYCLE,CYCLtS«KU.N0IV(4) ,  BMASM6)  ,NN(435)  ,LIRS,  L7600Q90 

•  RTRArK.,,FiURST,KREC>NDl<144,i0>S),N02(144»10>5>»XL0l7>*XLM(7»40>»  L7600100 

♦  xmm<7,40> > TEMPI <71 »TEMP2<7- , TEMPS < T » »PI» *2MTH2»144>  >«2MTh> 14Hi t  (./ouuixu 

*  DPRAU, Az^ AO >NO, yES,NBLANk, TEE, QEEiDEE, OMARI (286,20) «  L76O0129 

•  HMARI (286,20 > ,X0(20)  L7600130 

COMMON  /Bk3/  SPLM  (10*20)*  AZMTH3 ( 288 ) ,  1.76001  HO 

•  SPAN (201,  PMRMS(  10*20)  >  L76O01S0 

•  ICHANL I 10*3* 'COSINE (288) ,S1N£( 2681 , BLADES, CARD, TAPE  L76O0160 

DIMENSION  CN(31,S»5).SN)30«3,S)«AN)31»10,5>>aN(30,l9i5>,  L 7600170 

*  GMARI144.S)  >HMAR<144»5)  (.7600180 

*  >01(288, 20), Q2(288,20>  (.7600100 

EQUIVALENCE  (N02(5761),HMAR),  (.7600200 

*  (OMARI, AN),  (.7600210 

♦  (GMAK1  ( lbbl >  ,B.N) ,  (HMARI ,  CM ,  (HMARI  (776)  ,SN) ,  (N02 ,02)  L7600220 

EQUIVALENCE  (N01 (5761), OMAR), (ND1, 81)  L76O0230 

C  «*•  HARMONIC  LOOP  L76O02H0 

DO  1  ?=1,MLIMRN,2  L 7600250 

WRITE (6, 2 )  I  L7600260 

2  F0RMAT11H1,  28X,  2OHR0TATI0NAL  NOISE  PROGRAM  E676  /  8X,  L7600270 

X  IOHhArmONIC  =  >  13  >  L7600280 

WRITE(6»3>  L 7600290 

3  PORMATUH0,  8X,  5HF1ELC  11X,  28HFIELD  POINT  COORDINATES  vIN),  L7600300 

X  16X,  20HS0UND  PRESSURE  LEVEL  /  3X,  5HP0INT ,  10X. 1HX,1HX, IhV,  L7600310 

X  14X,1H2,  20X,  8MDECS6ELS  /  >  L7600320 

C  •**  FIELD  POINT  LOOP  L76OQ330 

00  4  Js'l.NFT  L76O03H0 

4  WRITE(6«5)  J,XFP(d),YKP(d),ZFP(U),SPLHII,J>  L7600350 

5  FORMAT)  9X>12,2X,  3(5X> 1PE10.R) , 1SX,  1PE10«4  >  L7600360 

IKI.GE.MLIMRN)  GO  TO  7  L7600370 

KSI41  L7600380 

WRITE<6,6)  Y  L 7600390 

6  FORMAT  1 1H2  /  OX, IOHHARMONIC  =  »I3  )  L7600400 

WRIT* (6,3)  L7600410 

c  •»«  field  point  loop  L7600420 

DO  8  0=1, NFT  L7600H30 

8  WRITE ( 6 , 5)  J,XFP(J) ,YFP(J) ,2FP( j) ,SPLM(K> J>  L7600440 

1  CONTINUE  L7600450 

1  RETURN  L76O0H60 

END  L7600-470 

01  FOR  START 

SUBROUTINE  START  L7&Y0010 

COMMON  '/TEMPUS7  TIME, COUNT  L76Y0020 

INTEGER  COUNT  L76Y0030 

DATA  COUNT  >0/  L76Y0Q40 

CALL  RTMINS  (TIME)  L76Y0050 

COUNT  =  COUNT  ♦  1  L76Y0060 

CALL  CLOCK  L76Y0070 

RETURN  L76Y00S0 

END  L76Y0090 

SI  ,0R  CLOCK 

SUBROUTINE  CLOCK  L76K0010 

COMMON  /TEMPUS/  TIME»COUNT  L76K0020 

INTEGER  COUNT  L76K0030 

CALL  RTMINS  (BALLS)  L76K0040 

T  =  BALLS  -  TIME  L76K0050 

WRITE  (6,100)  COUNT  ,  T  L76K0Q60 

100  FORMAT  (1H255X,18(1H»)/56X,8h»  (latex)  •/56X»18H*  ELAPSCL76K0070 


XD  TIME  =  */56X»IH*16X*1H«',56X«2h*  F8,4,8h  MIN  7/56X* 1H»16X» IH*/5L76K0080 
X6X,18(»H*)//>  L76K0090 
RETURN  L76K0100 
END  L76KG110 


End  of  OUTBPL,  START,  CLOCK 


Pibure  60.  Conciuded. 
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